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                       Abstract 
LEXICAL ACCESS IN CHILDREN WITH SPECIFIC LANGUAGE IMPAIRMENT AND  
DEFICITS IN AUDITORY PROCESSING 
By 
Laura Sylvia 
Advisor: Dr. Richard G. Schwartz 
 
      The purpose of this study was to investigate the time line of lexical access in 8-11 year-
old children with Specific Language Impairment and with and without deficits in auditory 
processing. Typically developing children and children with SLI, ages 8-11 years, participated in 
a Picture-Word Interference (PWI) task and a Picture-Picture Interferene (PPI) task.  For both 
tasks, subjects named a familiar target picture while ignoring an auditory word in the PWI task 
and an interfering picture in the PPI task. The interfering stimuli were presented at four stimulus 
onset asynchronies (SOAs) relative to the onset of the target picture (-150ms, 0ms, +150ms, 
+300ms) and were either unrelated to the target picture or related semantically or phonologically.  
Reaction time for naming was measured and reaction time differences (Related-Unrelated) were 
obtained for both tasks. All children also underwent language, cognitive and auditory processing 
test batteries which included the SCAN 3:C screening test, individual IMAP tests (Moore et al., 
2010) and derived measures of temporal and frequency resolution.  
 Multi-level modeling was employed to investigate relationships between all scores and 
reaction time in the PWI and PPI tasks. Results demonstrated significant early effects (-150ms 
SOA) in the lexicalization process in the PWI task and later (+150ms SOA) in the lexicalization 
process in the PPI task. In the children with SLI, “bottom-up” derived measures of temporal 
resolution  and frequency resolution,  contributed to overall reaction time in the PWI task, which 
LEXICAL ACCESS IN CHILDREN WITH SLI & AP DEFICITS      v 
employed an auditory distractor, but the derived measures did not contribute to overall reaction 
time in the PPI task, which employed a picture distractor. For typically developing children, this 
distinction was not observed. 
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Introduction 
Specific language impairment (SLI) is a developmental disorder in which children 
experience difficulty acquiring language in the absence of neurological, emotional, or sensory 
deficits (Rosen, Adlard, & van der Lely, 2009). The language impairment  can be manifested in 
morphology, syntax, semantics, and/or discourse and is often associated with auditory processing 
deficits, reduced vocabulary, working memory issues, attention problems, and executive function 
deficits (Schwartz, 2009). Children with SLI  experience problems such as: (a) learning new words 
without explicit instruction, (b) storing the phonological forms of novel words in short-term 
memory, (c) creating and storing sophisticated lexical representations, and (d) expressing familiar 
lexical items (Brackenbury & Pye, 2005). 
There are still uncertainties surrounding the diagnostic classification of SLI (Dollaghan, 
2011). However,  perhaps one issue on which there is general consensus is that individuals with 
SLI represent a heterogeneous population.  There are contrasting opinions on whether SLI is a  
discrete disorder or whether it exists as a continuum of developmental language disorders, 
including dyslexia (Corriveau, Pasquini, & Goswami, 2007; Dollaghan, 2004, 2011; Troia, 2003; 
van Weerdenburg, Verhoeven, & van Balkom, 2006).  Further complicating the picture, auditory 
processing disorder (APD) has substantial overlap with SLI (Ferguson, Hall, Riley, & Moore, 
2011; Miller, 2011; Sharma, Purdy, & Kelly, 2009). 
Specific Language Impairment and Auditory Processing Disorder 
Similar to SLI, auditory processing disorder (APD) is a complex disorder with 
heterogeneous manifestations (Ferguson et al., 2011).  APD is “demonstrated by poor performance 
in one or more of the following skills: sound localization and lateralization; auditory 
discrimination; auditory pattern recognition; temporal aspects of audition; auditory performance 
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in competing acoustic signals; and auditory performance with degraded acoustic signals” (ASHA, 
2005, p.2).  People diagnosed with APD have difficulties listening in background noise, following 
oral directions, and understanding rapid or degraded speech (Bamiou, et. al., 2001), all in the 
presence of normal hearing thresholds.   APD often exists in combination with other developmental 
disorders such as SLI, reading disabilities, ADHD, or autism spectrum disorder (ASD) (Miller & 
Wagstaf, 2011).   For example, Sharma et al (2009) examined  sixty-eight 7 to 12 year-old children 
who were either suspected of having APD by a parent or teacher or had received a diagnosis of 
APD, and found nearly three-quarters of the children (72%) had APD and almost half (47%) had 
APD in conjunction with language impairment and reading disorders. 
There is substantial controversary involving the diagnosis of APD and there is no 
universally adopted set of diagnostic criteria for APD (Wilson, &  Arnott, 2012).  Although there 
appears to be a substantial degree of overlapping features in SLI and APD, studies examining 
similarities between the two have had poorly defined subject groups (Ferguson et al., 2011; Miller 
& Wagstaff, 2011). Using similar but not identical test batteries, Ferguson (2011) and Miller and 
Wagstaff (2011) evaluated receptive grammar, phonology, speech intelligibility, literacy, memory 
and intelligence in groups of children with SLI and APD and both studies reported very few 
differences between the groups on most of the measures. However, the subjects in Ferguson (2011) 
were included in either a SLI, APD or mainstreamed control group based on a diagnosis obtained 
prior to the study. The subjects with APD were classified based on a parental report of normal 
hearing and “typical symptoms of APD”  (p. 213). In addition,  15% of the mainstreamed controls 
and 42% of the children with APD had reportedly also been seen by a Speech-Language therapist 
but had not received formal speech and language testing and were nonetheless included only in 
the APD group. Miller and Wagstaff (2011) also relied on an APD diagnosis obtained prior to their 
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study and classified children as SLI if they had been receiving language services. The classification 
that most of the subjects had at the initiation of the study did not correspond to  the “test based 
diagnosis”  obtained during the study. It is possible that many of the subjects in both of these 
studies could have been classified as having both SLI and APD, however, careful diagnosis was 
not obtained prior to assigning the children to a particular subject group. Both studies, however, 
reveal that diagnosis and classification are highly dependent on the specific tests that are used for 
diagnosis. 
More recently, Moore, Ferguson, Edmonson-Jones, Ratib & Riley (2010), argued that APD 
should be considered a cognitive disorder.  Their population-based study consisting of 1469 
children ages 6-11,  investigated bottom-up auditory processing measures versus top-down 
auditory processing contributions to speech-in-noise, cognitive, working memory, phonological 
processing, reading, attention and clinical presentation of APD symptoms measured by the 
Children’s Communicaiton Checklist-2 (CCC-2) and the Children’s Auditory Processing Scale 
(CHAPPS) questionnaires. 
All children were administered five individual auditory processing measures including 
backward masking, backward masking with a 50ms gap, simultaneous masking, simultaneous 
masking with a spectral notch and a frequency discrimination task.  Derived measures of auditory 
processing were obtained by subtracting thresholds of two closely related tasks.  Temporal 
Resolution (TR) was obtained by subtracting the Backward Masking with 50ms Gap threshold 
from the Backward Masking threshold and Frequency Resolution (FR) was obtained by 
subtracting the Simultaneous Masking with a Notch threshold from the Simultaneous Masking 
threshold. These derived measures eliminated memory, task and order related changes in 
nonsensory performance (Moore et al., 2010).  Significant correlations were found between the 
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cognitive test results and the individual auditory processing tests but the derived measures were 
not related to cognitive performance. The largest contribution to measures of listening and 
communication came from the cognitive test scores and the individual auditory processing test 
scores. The derived measures, which represented “bottom-up” auditory processing, demonstrated 
very little relationship to speech perception, cognitive, communication and listening skills (Moore 
et al., 2010).  The authors did acknowledge, however, that there may still be small proportions of 
children who present with sensory processing deficits. 
Auditory Processing in SLI 
There are two broad perspectives regarding the origins of SLI.  According to the domain-
specific perspective, SLI emanates from linguistic deficits, specifically within the systems and 
processes linked with grammar (i.e., syntax, morphology, and phonology) (e.g., Rosen et al., 
2009).  The domain-general perspective  implicates deficits in basic cognitive or perceptual 
abilities such as the temporal and spectral encoding of sensory information  (i.e., auditory 
processing) (e.g., Tallal & Piercy, 1973; Tallal & Piercy,1975).  From this viewpoint, an auditory 
deficit in perceiving rapidly changing sounds degrades the quality of auditory stimuli, resulting in 
impaired speech perception, limited phonological representations and processing, and ultimately, 
poor language acquisition (Tallal, 2003). 
The role of auditory processing ability in SLI has been a focus of research for many years 
(see review by Rosen, 2003).  Deficits in auditory processing are thought to underlie an array of 
language and learning problems (Bavin, Grayden, Scott, & Stefanakis, 2010; Heath & Hogben, 
2004; Lum & Zarafa, 2010; Kujala, 2007; Mengler, Hogben, Michie, & Bishop, 2005; Miller, 
2011; Tallal, 2003; Troia, 2003) however, not all children with language impairments perform 
poorly on auditory processing tasks (Bishop, Carlyan, Deeks, & Bishop, 1999; Rosen et al., 2009), 
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therefore making any claim of causality questionable.  Poor performance on auditory processing 
tests may be even less common among older children with SLI, due to the effects of maturational 
influences (McArthur & Bishop, 2004a, 2004b).  It appears that subgroups of children with SLI 
can be identified as having these problems and a more likely alternative is that auditory 
impairments are a moderating variable in children who are at risk genetically for language 
impairment ( Bishop et. al., 1999). 
Temporal processing deficits in subgroups of children with SLI have been identified 
through the use of backward and forward masking tasks (McArthur & Hogben, 2001; Wright, 
Lombardino, King, Puranik, Leonard, & Merzenich, 1997) and  Benasich & Tallal (2002) reported 
that poorer rapid auditory processing (RAP) thresholds obtained at 7.5 months correlated with 
poorer language measures obtained  through 36 months.   In contrast,  Bishop et. al, (1999b) found 
substantial variation and no group differences between language impaired children and controls 
on temporal processing tasks  including backward and forward masking, FM detection and 
fundamental frequency discrimination without spectral cues. They also identified control children 
who presented with weak auditory temporal processing skills and normal language abilities.  
McArthur and Hogben (2001) identified a deficit in intensity discrimination ability in a group of 
children with SLI, calling into question the results of previous studies that used rapid auditory 
processing tasks and suggested that the subjects in these studies had underlying auditory 
discrimination deficits rather than specific temporal processing deficits. Rosen et. al, (2009) found 
that a substantial majority (60%) of adolescents with Grammatical-SLI performed within the 
normal range on both simultaneous and backward masking tasks and found no differences in 
language abilities between the participants with G-SLI who performed well or performed poorly 
on the auditory tasks. 
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     6 
Corriveau et al. (2007) proposed that children with SLI might have a range of auditory 
processing difficulties, rather than deficits only in processing rapidly presented auditory stimuli. 
They found that a sizable majority of the children with SLI, ages 7-11 years,  fell below the 5th 
percentile of performance attained by the control group children in perceiving both amplitude 
envelope rise time of longer duration and the duration of simple tones.  A small segment of children 
with SLI also displayed a rapid auditory processing deficit.  Individual differences on the tests of 
rise time and duration processing accounted for a significant degree of variation in performance 
on standardized language and reading assessments and tests of phonological awareness.  No 
comparable effect was observed for individual differences in rapid auditory processing.  The 
findings suggested that auditory processing difficulties on tasks that require the integration of 
temporal information over fairly long intervals are most strongly linked with language and 
phonology in children with SLI. In contrast to the Corriveau et al findings (2007), however,  Fraser 
et.al., (2010) did not find deficits related to amplitude rise time in a group of 9-11 year-old children 
with SLI. They found  amplitude rise time deficits only in a group of same aged children with SLI 
and concominent reading disorder. However, the children in the Corriveau et al (2007) study 
presented with greater degrees of language impairment (lower CELF scores),  which may be a 
reason for the discrepancy. Also, different task formats were used (2IFC vs AXB format) in each 
study. Overall, studies have found both SLI and control subjects with deficits in temporal 
processing but no causal link between temporal processing and language deficits. Poor 
performance on these tasks may be related to the  cognitive demands of the tasks, including 
memory, training effects and  attention. 
Frequency discrimination ability has also been identified as a potential area of deficit in 
SLI (Bavin et. al., 2010; Hill, Hogben, & Bishop, 2005;  McArthur & Bishop, 2004; Mengler et 
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al., 2005).  A group of 16 children with SLI, ages 10-19 years, who performed the same as controls 
on auditory backward recognition masking (ABRM) tasks, were found to have poor frequency 
discrimination performance which distinguished them from the control group (McArthur & 
Bishop, 2004).   These same participants also displayed poor performance on nonword reading 
and tended to be the youngest participants, suggesting that auditory maturation may have been a 
factor. 
Mengler et al. (2005) investigated frequency discrimination abilities in younger children 
with SLI (ages 8;2-11;6). The researchers used an AXB frequency discrimination task based on a 
3-interval, 2-alternative forced choice protocol.   The analysis revealed that the children with SLI 
required a significantly greater frequency difference to achieve threshold with only minimal 
overlap between the performance of the children with SLI and their comparison peers.  It was also 
found that oral language ability accounted for a significant proportion of  the variance in frequency 
discrimination between the groups (Mengler, et. al., 2005). In order to investigate possible effects 
of maturation, ten of these same children with SLI and 12 of the control group were reexamined 
3.5 years later (Hill, Hogben & Bishop, 2005). The capacity of both groups of children to 
discriminate frequencies improved from the earlier study of Mengler et al. (2005), however, the 
control group children still outperformed the children with SLI to a substantial degree. The overall 
findings from both studies suggest that children with SLI have a deficit in auditory discrimination 
specific to frequency, and these deficits may persist into early adolescence (Hill et al., 2005). 
Overall, many, but not all, children with SLI have been found to have deficits in auditory 
processing including temporal processing deficits and frequency discrimination. Although 
subgroups of children with SLI have been identified with these deficits, it has been suggested that 
these findings may represent difficulties in performing the psychoacoustic tasks at hand, as all 
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auditory tasks involve varying levels of attention and/or memory which will contribute to 
performance (Moore, Rosen, Bamiou, Campbell & Sirimanna, 2013).  Also, it is unclear what role 
these deficts have in the language systems of children with SLI.  Leonard (1989) proposed that the 
great difficulty that children with SLI have using grammatical morphemes may be related to the 
acoustic makeup of these morphemes (i.e., shorter duration of the contrastive feature)  and the 
perceptual difficulties seen in children with SLI. Ultimately, this perceptual difficulty may lead to 
difficulty in building word specific paradigms in their lexicon and accessing lexical entries that 
are influenced by low phonetic-substance morphemes (Leonard, 1989). Perceptual difficulties may 
also lead to poorly specified phonological representations for words and may limit lexical access 
for recognition and production. It appears that both bottom-up perceptual abilities and top-down 
cognitive skills contribute to the language deficits observed in children with SLI. 
Lexical Representations in SLI 
The lexicons of children with SLI are characterized by a late emergence of first words,  
slow vocabulary growth  and word-finding difficulties (Faust, Dimitrovsky & Davidi, 1997; 
Leonard, 1998). Children with SLI also exhibit weaker semantic representations (McGregor, 
Newman, Reilly & Capone, 2002) and a depressed level of semantic associations (Sheng & 
McGregor, 2010) than their typically developing peers. Overall, however, word-finding 
difficulties are the most frequently observed lexical limitation in SLI (Leonard, 1989). 
Auditory lexical access begins with a matching process between the perceptual stimulus 
and a form-based lexical representation, leading to access to syntax and semantics (Gaskell & 
Marslen-Wilson, 1996, 1998; Marslen-Wilson, Moss, & van Halen, 1996).  During the initial stage 
of lexical access, the semantic and syntactic properties of the lexical item are specified, followed 
by the phonological properties. Lexical access from a picture also begins with activation at the 
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semantic level, followed by the phonological level. However, the initial auditory perceptual 
analysis does not take place, resulting in direct semantic activation. 
Age of acquisition, word frequency, and neighborhood density all have an impact on the 
detailes on a lexical representation.  Young children appear to store words as holistic units 
(indivisible wholes), which persist for an extended period of time while their phonological 
neighborhoods are sparce, until the child has many similar sounding words which force the child 
to attend to segmental details.  This developmental transition from holistic to segmental lexical 
representations is thought to occur when a child has about 150 words (Grey, Reiser & Brinkley, 
2012; Sosa & Stoel-Gammon, 2006). 
Theories of lexical access, including the Spreading Activation Model (Friedrich, Henik, & 
Tzekgivm 1991; Neely, 1977), the Discrete Two-Stage Model (Levelt et al., 1991), and the 
Cascaded Processing Model (Jescheniak, Hahne, Hoffmann, & Wagner, 2006; Morsella & 
Miozzo, 2002) differ in their description of the degree of modularity of the semantic and 
phonological levels and their serial relationship.  The Spreading Activation Theory posits a 
predominatly modular but somewhat interactive system. In the first stage of lemma access, 
activation cascades to the phonological level resulting in partial activation of phonological 
information of the target and alternative words (Dell & O’Seaghdha, 1992). As the target is 
selected, activation of the phonological properties of the alternatives decreases and the 
phonological activation of the target increases until the target is chosen (Seiger, 2005). The spread 
of activation is bi-directional which allows for the spread of activation between the phonological 
level to the lemma level until the target is chosen.  In the Two-Stage model (Levelt et al., 1991),  
the first stage  involves activation of a target lemma and semantic alternatives.  During the 
phonological encoding stage,  retrieval of phonological information only for the target  lemma is 
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achieved.  Cascaded models are similar to spreading activation in that, unlike the two-stage model 
(Levelt et al., 1991),  unselected as well as selected items are capable of activating phonology 
(Morsella & Miozzo, 2002).  The time course for lexical access is similar to that of the Spreading 
Activation Theory, except that activation is unidirectional and not bidirectional. There is a period 
of simultaneous activation of semantic and phonological information and partial phonological 
activation for both the target and semantic alternatives. 
The locus of breakdown in lexical access in children with SLI has been investigated in 
attempts to determine if breakdowns occur at the phonological or semantic level and numerous 
investigators have employed the Picture-Word Interference (PWI) and Picture-Picture Interference 
(PPI) tasks to look at the time line of semantic and phonological activation in word production 
(Jescheniak et. al., 2006; Sailor, Brooks,  Bruening, Seigner-Gardner, & Guterman,  2009; Seiger-
Gardner & Brooks, 2008;  Seiger-Gardner & Schwartz, 2008).   Through the use of these tasks, 
patterns of typical and atypical semantic and phonological activation during word production can 
be observed. 
PWI and PPI Tasks 
In the PWI task (e.g. Schriefers, Meyer & Levelt, 1990), subjects are presented with 
pictures of common objects and asked to name them as quickly as possible. Interfering words 
(IWs) are presented before, during or after the presentation of the picture and the time difference 
between the presentation of  the interfering word and the target picture is referred to as Stimulus 
Onset Asynchrony (SOA). The interfering words can be related to the target picture semantically, 
phonologically or can be unrelated. Reaction times (RTs) for related conditions are compared to 
RTs in the unrelated condition in order to determine the effect of the related interfering word on 
naming (Sailor, Brooks,  Bruening, Seiger-Gardner, & Guterman,  2009; Jescheniak et. al., 2006).   
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Investigations utilizing the PWI task have used interfering printed words and interfering 
auditory words. Sailor, et al.  (2008) investigated the effects of semantically related words on 
picture naming in a group of college-age young adults.  In their PWI task,  printed words were 
superimposed on target pictures. The words were related to the target picture either as associates 
or coordinates, were unrelated or were considered neutral (the word “good”). All interfering words 
were presented at SOAs of -450, -300, - 150, 0, +150 ms and +300 ms. The associates, when 
presented at SOAs of -450 through 0 ms had a facilitatory effect on naming and the coordinates 
had an inhibitory effect on naming at -150 and 0 ms. These results were interpreted as possibly 
indicating that coordinates and associates influence different stages of processing. 
Seiger-Gardner and Schwartz (2008)  and Seiger-Gardner and Brooks (2008) utilized a 
cross-modal version of picture-word interference (PWI) task, presenting the interfering words 
through headphones at four SOAs: -150ms, 0, +150ms +300ms. Seiger-Gardner and Schwartz 
(2008) investigated 20 children with typical language development and 20 young adults and 
presented participants with black and white line drawings of everyday objects (Snodgrass & 
Vanderwart, 1980)  under four conditions: silent; unrelated; phonological (same first consonant); 
and semantic (same category). 
Overall, the children had slower RTs and produced more errors than the young adults, 
however, both groups had a similar pattern of effects. Both groups had slower RTs (inhibition) 
when semantic and phonological IWs were presented at -150ms (before the picture), revealing 
parallel processing of both phonological and semantic information.  When phonological IWs and 
the target pictures were presented simultaneously (0ms SOA), there was no effect seen from the 
phonologically related words but if the IWs were semantically related, both children and adults 
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exhibited inhibition.  Both groups demonstrated a late phonological facilitation at +150 ms, and at 
+300ms, there was no facilitation or inhibition in either group. 
The same experiment was conducted on a group of 7-11 year-old children with SLI and 
the typically developing children from the first experiment served as the comparison group 
(Seiger-Gardner & Schwartz, 2008). The two groups of children did not differ in their naming 
latencies in the silent condition. However, in the presence of interfering words, the children with 
SLI had slower RTs and more errors than their TLD peers. The two groups of children exhibited 
both phonological and semantic inhibition when the interfering word was presented before the 
picture but facilitation when a phonologically related word was presented later (Seiger-Gardner & 
Schwartz, 2008).  The children with SLI , and not the TLD children, demonstrated  semantic 
inhibition at +300ms. 
The reason for the early phonological inhibition effect may have been form-related 
competition which inhibited target production. The “inhibitory effect would diminish as the 
semantic features of the target item are selected and phonological encoding proceeds only for the 
second item” (p. 548).  The finding of an early phonological inhibition effect was in contrast to 
previous findings by Schriefers, Meyer & Levelt, 1990. The discrepancy, however, may have been 
due to measurement differences between experiments in SOA times. When the IW was presented 
after the picture, however, the phonologically related word had a facilitative effect by boosting the 
activation of the previously activated phonological features of the target word. The late semantic 
inhibition observed for the children with SLI suggests they may have experienced a slower decay 
rate or an inadequate suppression mechanism. 
An experiment conducted by Seiger-Gardner and Brooks (2008) again explored the effects 
of phonologically related words on lexical access in children (ages 7-11 years) with SLI and age-
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     13 
matched peers.  However, this experiment used both onset-related and rhyme related interfering 
words, with the investigators expecting the children with SLI to exhibit responses to rhyme-related 
distracters which were more consistent with a holistic retrieval strategy, similar to younger TLD 
children. 
Again, the results showed longer reaction times and lower accuracy rates among the 
children with SLI and response times and accuracy varied with different SOA conditions.  Onset-
related facilitation was again observed in both groups of children in the late distractor condition 
(+150 ms) and onset-related inhibition was observed in the children with SLI in the early distractor 
(-150 ms) condition.  The onset-related inhibition seen in the children with SLI in the early 
condition was attributed to underspecification of phonological representations of words. The 
overall patterns with the rhyme related distractor, unexpectedly, were largely analogous to the 
results seen with the onset-related distractors (Seiger-Gardner & Brooks, 2008). The findings 
contradicted the researchers’ assumption that rhyming words would have a facilitative effect. In 
fact, the children with SLI were less accurate when presented with rhyme related distractor words 
in the late distractor condition, consistent with an incrementilist approach to phonological 
encoding which is evident in typically developing children of the same age. 
The presence of onset-based priming in children with SLI late in the lexicalization process 
suggested that they employ an incremental strategy for encoding, similar to children with typical 
language development (Seiger-Gardner & Brooks, 2008). However, these findings may have been 
due to the use of  high frequency words. Perhaps, if words of lower frequency were used, the 
children with SLI may not have demonstrated results consistent with an incrementalist approach. 
PPI tasks are similar to PWI tasks except that the interfering stimulus is a picture, which is 
a different color than the target, superimposed on the target picture at different SOAs. As with the 
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PWI task, subjects are instructed to ignore the interfering stimulus (IS) and name the target picture. 
A to-be-ignored picture has been shown to be activated at a semantic level (Boucart & Humphreys, 
1992; 1994; Dell’Acqua & Grainger, 1999), and Glaser and Glaser (1989) demonstrated slower 
picture naming reaction times for pictures paired with categorically related distractor pictures  at 
SOAs of -300, -200, -100 and 0 ms.   Geng, Kirchgessner, & Schnur, (2013) demonstrated semantic 
facilitation when associatively related pictures were superimposed on target pictures and no 
reaction time effect from categorically related interfering pictures.  The question of whether 
unspoken picture IS exert phonological influence on naming has not been conclusively answered. 
Morsella & Miozzo (2002) and Jescheniak et. al., (2009) measured reaction times (RTs) for 
naming pictures with simultaneously presented, unrelated interfering pictures versus RTs with 
simultaneously presented phonologically related pictures (BED-bell) . The phonologically related 
pictures facilitated naming of the target picture in the former study but in the latter there was no 
effect. The results obtained by Jescheniak et al (2009) called into question the consistent nature of 
the idea that to-be-ignored context pictures are activated at a phonological level. To date, PPI has 
not been used to examine lexical production in children with SLI. 
The Present Study 
The present study used a PWI task and a PPI task to investigate the time line of lexical 
access in children with SLI with auditory perceptual deficits and children with TLD  with and 
without auditory perceptual deficits. Relationships between lexical access, language status and 
auditory processing and perceptual ability will be examined.  In the PPI task, the interfering picture 
stimulus is not phonologically mediated (Jeshniak et. al., 2006), and therefore reflects more direct 
access to the semantic information than the interfering stimulus in the PWI task. In the PWI task 
with auditory words, the interfering stimuli have to be acoustically analyzed prior to being 
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activated at the lexical level. By comparing performances on these tasks, it is possible to ascertain 
the relative impact of auditory and non-auditory interfering stimuli on picture naming and 
ultimately, lexical access. 
Specific Predictions 
PWI Task/TLD and SLI groups. The patterns of facilitation and inhibition from 
semantically and phonologically related words were expected to be similar to those previously 
reported for SLI and TLD children in the PWI task. A pattern of early (-150 ms) onset and 
categorical inhibition in both TLD and SLI groups, simultaneous categorical inhibition in both 
groups and simultaneous onset facilitation in the TLD group was expected. It was also expected 
that both groups would display late (+150 ms) onset facilitation  and the SLI group was expected 
to demonstrate late (+300 ms) categorical inhibition. Reaction times of the SLI group were 
expected to be longer than reaction times of the TLD group under all experimental conditions. 
PPI Task/TLD and SLI groups. Based on previous studies with adults, early and 
simultaneous categorical inhibition and associative facilitation was expected in both groups. 
Studies using onset related IWs have been inconclusive, however, due to the direct semantic access 
afforded by the picture, it was expected that the patterns of inhibition and facilitation created by 
the use of phonologically related interfering words, would differ form the pattern observed in the 
PWI task. Reaction times of the SLI group were also expected to be longer than reaction times of 
the TLD group also in the PPI task. 
PWI and PPI Tasks -TLD and SLI groups divided into pass/fail status of SCAN 3:C 
and typical/atypical IMAP scores. Results of both the SCAN 3:C and the individual IMAP tests 
are not representative of purely bottom-up auditory processing abilities (Lum & Zarafa, 2010; 
Moore et al., 2010) and both  test batteries may be influenced by memory and attention (Dawes & 
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Bishop, 2007; Moore et al., 2010). Therefore, it was expected that subdividing the TLD and SLI 
groups by SCAN 3:C scores and individual IMAP test scores would not reveal different patterns 
of facilitation and inhibition than what was demonstrated by the larger TLD and SLI groups for 
both the PWI and PPI tasks. However, it was expected, that the participants with TLD and the 
participants with SLI who failed the SCAN 3:C and /or who had poorer individual IMAP scores, 
would demonstrate longer reaction times in both the PWI and PPI tasks than those who passed the 
SCAN 3:C and demonstrated average individual IMAP test scores. 
PWI  Task/TLD and SLI groups by derived TR and FR results. Derived TR and FR 
scores represent bottom-up sensory processing by eliminating memory, task and order related 
changes in nonsensory performance (Moore, et al, 2010). Therefore, subjects who demonstrate 
poorer TR and/or FR scores may also have poorly defined phonological representations. It was 
therefore expected that the TLD and SLI groups with below average TR and FR results, would 
demonstrate a reduced amount of early onset inhibition and late onset facilitation, than 
demonstrated in the larger SLI and TLD groups. This group was also expected to demonstrate 
simultaneous and late rhyme facilitation. Groups with poorer derived TR and FR scores were also 
expected to demonstrate early and simultaneous categorical inhibition and late categorical 
inhibition in the SLI group, however the amount of inhibition was expected to be less than 
demonstrated in the larger TLD and SLI groups and the TLD and SLI groups with average TR and 
FR.   
PPI Task/TLD and SLI groups by Derived TR and FR results. Because of the direct 
semantic access in the PPI task, it was expected that all subjects with below average TR and FR 
results, would demonstrate a similar pattern of early onset inhibition and late onset facilitation, as 
demonstrated in the larger SLI and TLD groups in the PPI task. It was also expected that this group 
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would demonstrate simultaneous and late rhyme facilitation, however, less than that demonstrated 
in the PWI task.  Finally, subjects with poorer TR and FR were also expected to demonstrate early 
and simultaneous categorical inhibition, similar to that seen in the larger TLD and SLI groups.  
Multi-Level Modeling. The relationships among participant reaction time and group, 
stimulus onset asynchrony, word type, and various psychoacoustic, auditory processing, cognitive, 
and language measures was explored through multi-level modeling. It was expected that multi-
level modeling would reveal that derived IMAP scores (TR and FR) would significantly predict 
reaction time in both groups in the PWI task and ultimately the patterns of inhibition and 
facilitation observed at different SOAs with different word types in that task. It was not expected 
that TR and FR scores would predict reaction times in the PPI task.  
Implications  
SLI and auditory processing deficits frequently co-occur and subgroups of  children with 
SLI have been identified as having auditory temporal processing and frequency discrimination 
deficits. Additionally, word finding difficulties are the most frequently observed lexical limitation 
in SLI, however, the potential impact of auditory processing deficits on lexical access in SLI has 
not yet been explored. Children with SLI with purely sensory auditory processing deficits may 
display atypical lexical access for picture naming with phonologically mediated interfering words 
and will display more typical lexical access for picture naming with interfering words that have 
direct semantic access (i.e., picture primes).  If  this proves to be true, the finding will highlight 
the importance of identifying subgroups of children with SLI with accompanying auditory 
processing deficits. Once identified, language treatment can be tailored to address this group’s 
specific needs and may ultimately include different therapy approaches across different modalities. 
The findings of this study will ultimately help us to understand more fully the word-finding deficits 
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in a subgroup of children with SLI and will lead to more specific and individualized treatment 
approaches.  
  
METHODS 
Participants 
 Thirty children between 8 years and 11 years 11 months participated in this study: 14 
children with typical language development (TLD) and 16 children with Specific Language 
Impairment (SLI). Mean age and gender by group are presented in Table 1.  
 
Table 1: Mean age and gender by Group (standard deviation in parentheses) 
Group N Males Age (years) 
SLI 16 9 9.90 
   (1.27) 
TLD 14 7 9.85 
      (1.27) 
 
Of the 14  TLD subjects (7 male, 7 female), 3 presented with normal auditory  performance 
on both  the SCAN-3 for Children (Keith, 2009)  and the IMAP Auditory Test Battery (Barry, 
Ferguson, Moore, 2010) and the remaining 11 subjects presented with auditory deficits on either 
the SCAN,  IMAP or both.  For the SLI subjects, none of the 16 subjects (9 male, 7 female) 
presented with normal auditory performance on both the SCAN and IMAP.  Figures 1, 2, 3 and 4 
demonstrate the proportion of participants by group passing the SCAN 3:C Test, performing in the 
average range on the individual IMAP Auditory Test Battery tests, obtaining scores within the 
normal range on the Derived Frequency Resolution and Temporal Resolution measures,  and 
scoring in the normal range on all three, respectively.  All children were monolingual speakers of 
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English with normal hearing bilaterally at 250 through 8k HZ. Nonverbal intelligence scores 
within normal limits (85 or above) on the Test of Nonverbal Intelligence-4 (TONI-4; Brown, 
Sherbenou & Johnsen, 2010) and receptive language skills  on the Peabody Picture Vocabulary 
Test-4 (PPVT-R) (Dunn & Dunn, 2007) and word-finding abililty measured by the Test of Word 
Finding-Second Edition (TWF-2) (German, 2000) were in the average range for their age. There 
were no evidence of gross motor, emotional, attentional or neurological deficits.    
Several of the subjects differed from their peers in the criteria established. Subject 13 (SLI) 
obtained an Index Score of 83 on the TONI-4 and subject 33 (SLI) obtained a Standard Score of 
74 on the PPVT-4. Subjects 5 (SLI), 12 (TLD), 16 (SLI), 19 (SLI), 20 (SLI), 22 (SLI), 23 (SLI), 
28 (SLI), 31 (TLD), 32 (SLI), 33 (SLI), and 34 (SLI) obtained Word Finding Quotients of 89 or 
below which were considered below average.  The CELF-4 and CELF-5 individual subtest scores, 
core language scores  and index scores were used to determine the presence or absence of a 
language impairment. The TONI-4, PPVT-4 and TOWF-2 scores provided additional information 
about each subject’s cognitive and language status, however, did not impact group status.  The 
subjects who did not meet the criteria entirely on the TONI-4, PPVT-4 and TOWF-2 but whose 
scores were judged to be close enough to the criteria, were therefore included in their respective 
subjects groups based on their CELF-4 or CELF-5 performance. All test scores are included in 
Table 2 in Appendix A. 
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Figure 1: Proportion of participants  
passing the SCAN 3:C by group 
 
 
 
 
Figure 2: Proportion of participants  
scoring in the typical range of the individual  
IMAP measures by group. 
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Figure 3: Proportion of participants scoring  
in the typical range on the derived Temporal  
Resolution and Frequency Resolution score by group 
 
 
 
Figure 4: Proportion of participants passing  
or scoring in the typical range on all three auditory measures 
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The presence of a language impairment was determined using the following criteria: any 
child who received a subtest standard score -1SD or more below the mean on at least 2 subtests of 
the Clinical Evaluation of Language Fundamentals-4, (CELF-4),  (Semel, Wiig, & Secord, 2003) 
or the CELF-5 (Semel, Wiig, & Secord, 2013 ), or obtained a receptive or expressive language 
composite score 1.25 standard deviations equal to or below the mean, was classified as SLI. The 
following CELF-4 subtests were administered: Concepts and Following Directions, Word Classes-
Receptive, Word Classes-Expressive, Recalling Sentences, and Formulated Sentences and the 
eight year-old subjects were administered the Word Structure and Sentence Structure subtests.  For 
the CELF-5, all subjects were administered the Word Classes, Following Directions, Formulated 
Sentences and Recalling Sentences subtests. The eight year-old subjects were also administered 
the Sentence Comprehension and Word Structure subtests and the 9-11 year-old subjects were also 
administered the Sentence Assembly and Semantic Relationships subtests. The subjects were 
classified as TLD by scoring within the normal range on all or all but one of the subtests of the 
CELF-4 or CELF-5 subtests. Several subjects with SLI obtained relatively high scores on either 
the PPVT (subjects 13 and 18), the CELF Receptive Language Index (Subject 5) or the CELF 
Expressive Language Index (Subject 16).  Although these subjects demonstrated average receptive 
vocabulary skills, as measured by the PPVT-4, or average receptive or expressive language 
abilities as measured by the CELF-4 or CELF-5, they were judged as presenting with Specific 
Language Impairment based on their below average subtest scores on 2 or more subtests of the 
CELF-4 or CELF-5. Of the 16 participants who were included in the Specific Language 
Impairment group, 8 chilren were either presently or previously receiving speech therapy. A 
summary of all the test results is presented in Table 2 in Appendix A. 
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Materials and Design 
In order to examine auditory perception, subjects were administered the IMAP Auditory 
Test Battery, which consists of 5 individual measures: backward masking with a 20ms pulse tone 
occurring immediately before the masker (BM0), backward masking with the tone occurring 50ms 
before the masker (BM50), simultaneous masking in which a tone occurs in continuous noise 
(SM), simultaneous masking in which the target has a spectral notch in the noise surrounding the 
tone (SMN), and a frequency discrimination task (FD) (Moore, Ferguson, Edmonson-Jones, Ratib, 
Riley, 2010). The IMAP Test Battery was administered through the Institute for Hearing Research- 
System for Testing Auditory Responses (IHR-STAR) and the child responded through the use of 
a three-color, three button box (Moore, et al., 2010). The tests were presented as computer games 
with characters that moved with each stimulus presentation and response.  Visual feedback was 
given after each response (Moore, et al., 2010). 
Each AP test was comprised of two presentations, each having 20 trials. Each trial 
contained three stimuli, two identical standard stimuli and a different target stimuli,  with an inter-
stimulus interval of 400ms. The child’s task was to identify the randomly presented, target 
stimulus in each sequence.  For the  FD test, there were three 200ms tones. The standard tones 
were 1kHZ and initially the target tone was 1.5kHz. For the BM0 task, the target was initially a 90 
dB SPL, noise (600-1400 Hz) masker. The BM50 task was identical to the BM0 task except that 
a 50ms silent gap occured between the the tone and the masker and the initial target level of the 
tone was 75dB SPL. For the simultameous masking measures (SM and SMN), there was a variable 
level, 20ms, 1kHz target tone, initially presented at either 95dB SPL for the no-notch masking and 
90dB SPL for the notched masking, presented during the masker (30dB/Hz, 10ms raised cosine 
ramps). The notched masker contained a spectral notch (800-1200 Hz) centered on the target 
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frequency. The standard stimuli for all the masking tasks consisted of the maskers without the 
tones. For all tests, after the initial presentation, successive trials varied the difference between the 
standard and target tones by using a 3-down, 1-up adaptive staircase procedure until threshold was 
obtained. In order to eliminate any memory-, order and /or task-related influences on auditory 
performance, derived measures of temporal resolution and frequency resolution were obtained.  
The BM50 threshold was subtracted from from the BM0 threshold to obtain a derived measure of 
temporal resolution  (TR) and the SMN threshold was subtracted from the SM threshold in order 
to obtain a derived measure of frequency resolution (FR). If a subject obtained a TR, FR or FD 
two standard deviations or more away from the mean for their age (Moore et. al., 2010), their 
performance was considered in the lowest 2.5 % of the population for performance on that test. 
The Gap Detection, Auditory Figure Ground  and Competing Words: Free Recall auditory 
processing screening subtests from the SCAN 3:C were administered to each subject. The Gap 
Detection subtest measures the ability to detect brief silent gaps of variable durations between tone 
pairs. It contains nine pairs of tones, separated by an interval of silence ranging from 0-40ms, 
presented to both ears.  Five practice items with gaps ranging from 5-60 ms are presented prior to 
the test items. The subject was required to indicate whether one or two tones were presented. The 
Auditory Figure Ground subtest assesses the ability to process speech in the presence of 
background noise at a +8 dB signal-to-noise ratio.  In this subtest, monosyllabic words were 
presented to either the left or right ear 8 dB louder than multi-talker speech which was being 
simultaneously presented. Two practice items were presented prior to the presentation of  the 40 
test items and subjects were required to repeat each monosyllabic word. In the Competing Words: 
Free Recall subtest, 20 pairs of monosyllabic words were presented dichotically (i.e., a different 
word was presented simultaneously to each ear) and the subject was required to repeat both words,  
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in either order. There were 2 practice items presented prior to the test items. All three subtests were 
administered through an audiometer at 50 dB with the sound balanced by the use of a calibration 
tone included in the SCAN 3:C. Published norms for each age range were used to determine the 
pass/fail status of each subject for each subtest.  
In order to obtain a baseline of visual interference, all subjects participated in a visual 
interference task comprised of 3 subtests: vigilance, response inhibition and interference. In the 
vigilance subtest, subjects pressed either a left or right button in respose to a green circle which 
appeared on either the right or left side of a computer screen. For the response inhibition subtest, 
blue circles were added to the computer screen and subjects were instructed to ignore the blue 
circles and continue to press either a left or right button in response to the location of the green 
circle. Finally,  during the interference subtest, both green and blue circles were presented on the 
computer screen. Subjects were instructed to press either a right or left button in response to the 
location of the green circle and press a middle button when a blue circle was on the screen. Each 
subtest contained 20 trials. 
Finally, all subjects participated in a Picture-Word and Picture-Picture Interference (PWI, 
PPI) task, in order to investigate lexical access of both phonologically mediated and 
nonphonologically mediated lexical items. These paradigms allow investigators to track the time 
course of semantic and phonological inhibition and facilitation during spoken word production 
(Seiger-Gardner & Schwartz, 2008). Auditory words (PWI) or pictures (PPW), referred to as 
Interferring Stimuli (IS), were  presented before, during or after the presentation of a target picture. 
The subjects were required to name the target picture while ignoring the auditory word or the 
distractor picture. For the PWI task, the twenty-two target pictures were colored drawings of 
common objects from Snodgrass and Vanderwart (1980). These pictures were highly familiar and 
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are considered part of a young child’s vocabulary. The stimulus pictures were presented in each 
condition including: semantically related (associates/coordinates), phonologically related 
(onset/rhyme)  and unrelated interfering pictures and semantically and phonologically related and 
unrelated auditory words. The interfering words were presented at 70 dB SPL. For the PPI task, 
Snodgrass and Vanderwart (1980) pictures were also used. The seventeen target pictures were blue 
line drawings and the interfering pictures were orange line drawings.  
Prior to the  test conditions, subjects were presented with the stimuli to be certain they were 
familiar with all pictures. The IS were presented at four stimulus asynchronies (SOAs) relative to 
the onset of the target picture: -150ms, 0ms, +150ms, +300ms. Trials were blocked by SOA which 
were counterbalanced across subjects. Each block was divided into 6 sub-blocks of 18 or 19 trials 
for the PWI task, and 13 or 14 trials for the PPI task. The presentation of each sub-block within 
each block and the presentation of experimental items within each sub-block was randomized. 
Each subject’s reaction time (RT) for target picture naming was measured by a voice-activated 
relay attached to a computer. Subects had 4000 ms to provide a response. All responses were 
digitally recorded so that any response that did not activate the relay could still be included in the 
analysis. Recordings were not obtained for subjects 12, 15, 16, 17, 21 (for PWI -150, 0 and +150ms 
SOA), 22, and 23 due to equipment malfunction. Also, tapes were analyzed in cases where children 
made noises and triggered the voice key prior to naming the picture. The experiment was controlled 
and delivered by E-prime 2.0.  
Procedure 
Participants attended three sessions, each lasting approximately 2 hours. Before each 
session, the tasks were explained to the child and to the parent/guardian. The child’s assent and 
the parent/guardian’s written consent were obtained. During the first session, language and 
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cognitive tests were administered. The second session included the administration of  a hearing 
test, the  IMAP auditory processing tasks, the Gap Detection, Auditory Figure-Ground and 
Competing Words: Free Recall subtests from the Scan 3:C and the visual interference tasks. During 
the final session, the PWI and PPI tasks were administered. The order of the presentation of the 
PWI and PPI tasks were counterbalanced between subjects. 
Data Analysis 
The data from the PWI and PPI tasks were analyzed for accuracy and reaction time (RT) 
and analysis focused on correct responses. Mean RTs for each participant in each condition were 
obtained. Reaction times which were 2 standard deviations above or below the mean for each 
subject were not included in calculation of the individual means. For TLD subjects and for SLI 
subjects, in both the PWI and PPI tasks, .05 of total responses were not included in the calculation 
of individual means.  Groups means were derived from individual means. Data was organized and 
analyzed in four ways: 1) by larger TLD and SLI groups; 2)  by TLD and SLI groups and pass/fail 
status of SCAN 3:C; 3) by TLD and SLI groups and results of individual IMAP tests; and 4) by 
TLD and SLI groups and derived Temporal Resolution and Frequency Resolution scores.  
For both tasks, differences between the mean related RT condition (semantic and 
phonological conditions) and mean unrelated RT conditions were determined for each SOA 
(Related-Unrelated). Positive values indicated inhibition and negative values indicated facilitation, 
relative to the unrelated condition. Statistical analysis involved  multilevel fixed effects modeling 
to examine relationships between all scores and performance on the PPI and PWI tasks. 
 
RESULTS 
Language and Cognitive Testing 
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The mean scores with standard deviations by group and for all participants are in Table 2 
below. Mean scores on the CELF Core Language, Receptive Language Index, Expressive 
Language Index, PPVT-4, TOWF-2, and TONI-4 with 95% confidence interval bars are presented 
in Figures B1-B6 in Appendix B.  Independent samples t-tests were run in R (R Core Team, 2015) 
to compare language and cognitive testing scores by group. There was a significant difference on 
all test scores including the CELF-4/CELF-5: Core Language for participants with TLD 
(M=107.71, SD=11.59) was higher than for participants with SLI (M=81.25, SD=11.27), 
t(28)=6.33, p<.001, r = .77,  the CELF-4/CELF-5 Receptive Language Index for participants with 
TLD (M=103.50, SD=12.19) was higher than for participants with SLI (M=80.00, SD=10.64), 
t(28)=5.64, p<.001, r =.73, the CELF-4/CELF-5 Expressive Language Index for participants with 
TLD (M=108.36, SD=11.42) was higher than for participants with SLI (M=85.12, SD=12.19), 
t(28)=5.36, p<.001, r = .72, the Peabody Picture Vocabulary Test-4 for participants with TLD 
(M=112.93, SD=15.75) was higher than for participants with SLI (M=96.19, SD=12.50), 
t(28)=3.24, p<.01, r = .52, the Test of Word Finding-2 for participants with TLD (M=102.79, 
SD=16.45) was higher than for participants with SLI (M=85.62, SD=18.60), t(28)=2.66, p<.05, r 
=.45, and the Test of Non-verbal Intelligence-4 for participants with TLD (M=112.57, SD=10.54) 
was higher than for participants with SLI (M=97.06, SD=8.87), t(28)=4.38, p<.001, r = .64.   
All group mean test scores for the TLD group were within normal limits. Individual test 
scores for all subjects are presented in Table A1 in Appendix A. Despite having normal group 
mean scores,  not all individual test scores were in the normal range. Three subjects with TLD 
scored 1 SD above the mean on the CELF Core Language Score, the CELF Receptive Language 
Index and the CELF Expressive Language Index. One subject with TLD  scored 1 SD above the 
mean on the CELF Receptive Language Index and the CELF Expressive Language Index. One 
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subject with TLD scored 1 SD above the mean on both the CELF Core Language score and the 
CELF Expressive Language Index and finally one subject with TLD scored 1 SD above the mean 
on the CELF Core Language Score.  Also in the TLD group, seven subjects scored 1 SD above the 
mean on the TONI-4. For the PPVT-4, four subjects  with TLD scored 1 SD above the mean and 
2 with TLD scored 2 SD above the mean.  Finally for the TOWF-2, three subjects with TLD scored 
1 SD above the mean, one scored 1 SD below the mean and one scored 2 SD below the mean.  
The mean CELF Core Language and Receptive Language Index scores for the SLI group 
were 1 SD below the mean. All other mean test scores (CELF Expressive Language Index, PPVT-
4, TOWF-2, and TONI-4) were within normal limits for the SLI group.  Again, many of the 
individual test score ranges for the children with SLI differed from the group mean score. Although 
the group mean for the CELF Core Language score for the SLI group was 1 SD below the mean, 
two children with SLI scored 2 SD below the mean, one child scored 3 SD below the mean  and 
eight children with SLI obtained CELF Core Language scores which were within normal limits.  
The mean CELF Receptive Language Index was also 1 SD below the mean for the SLI group.  
However, two of those children with SLI scored 2 SD below the mean and five obtained CELF 
Receptive Language Index scores which were within normal limits.  For the CELF Expressive 
Language Index, six subjects with SLI had scores which were 1 SD below the mean and two had 
scores which were 2 SD below the mean, despite having a group mean score in the average range. 
Finally, for the PPVT-4, TOWF-2 and the TONI-4, all of which had average group mean scores, 
two subjects with SLI scored 1 SD above the mean and two subjects scored 1 SD below the mean 
on the PPVT-4; five subjects scored 1 SD below the mean and one scored 1 SD above the mean 
on the TOWF-2 and one subject with SLI scored 1 SD above the mean and one scored 1 SD below 
the mean on the TONI-4. 
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     30 
Table 2: Mean language and cognitive test scores by group (standard deviation in parentheses). 
 
 CELF-4/CELF-5     
Group Core Language RLI ELI PPVT-4 TOWF-2  TONI-4 
TLD 107.71*** 103.50*** 108.36*** 112.93** 102.79*  112.57*** 
  (11.59) (12.19) (11.42) (15.75) (16.45)  (10.54) 
SLI 81.25 80.00 85.12 96.19 85.62  97.06 
 (11.27) (10.64) (12.19) (12.50) (18.60)  (8.87) 
n.s. p>.1     † p<.1     *p<.05     ** p<.01     ***p<.001 
Note: Within each pre-test, the superscript of the level of statistical significance is placed just on one of the two 
groups to indicate that the relative mean scores are statistically different from each other 
 
 
Auditory Testing  
SCAN 3:C. The SCAN 3:C screening was not used because of its quality as a test, but 
because it is widely used clinically to identify APD in children.  In order to pass the SCAN 3:C 
screening test, participants had to pass all three subtests (i.e., Gap Detection subtest, Auditory 
Figure Ground test at +8dB signal to noise ratio, Competing Words Free Recall subtest). The 
proportion of participants by group passing each subtest is presented in Table 3. The proportion of 
participants by group passing each subtest with 95% confidence interval bars are presented in 
Appendix C in Figures C1-C3.  
        Independent samples t-tests were run in R (R Core Team, 2015) to SCAN 3:C with pass/fail 
rates by group. There was no significant difference in pass/fail rates on the Gap Detection subtest 
of the SCAN 3:C for participants with TLD (M=.93, SD=.27) and participants with SLI (M=.75, 
SD=.45), t(28)=1.30, p=.20, r=.24, on the Auditory Figure Ground subtest of the SCAN 3:C for 
participants with TLD (M=.50, SD=.52) and participants with SLI (M=.38, SD=.50), t(28)=0.67, 
p=.51, r=.13, or the Competing Words Free Recall subtest of the SCAN 3:C for participants with 
TLD (M=.79, SD=.43) and participants with SLI (M=.50, SD=.52), t(28)=1.64, p=.11, r=.30. 
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Table 3: Mean proportion of participants by group passing individual SCAN 3:C sub-tests 
(standard deviation in parentheses) 
 
Group 
Pass  
SCAN 
3:C  
Gap 
 Det AG +8 CWFR 
TLD 7  .93 n.s .50 n.s .79 n.s 
     (.27) (.52) (.43) 
SLI 3  .75. .38 .50 
   (.45) (.50) (.52) 
n.s. p>.1      
Note: Within each sub-test, the superscript of the level 
of statistical significance is placed just on one of the 
two groups to indicate that the relative mean scores 
are statistically different from each other 
IMAP Test Battery. All subjects completed individual IMAP auditory processing tests. 
The mean scores by group and age for each test with standard deviations are in Table 4 below. 
Mean scores by age and group on individual IMAP tests with 95% confidence interval bars are 
presented in Appendix D in Figures D1-D7.  A  2 (TLD vs. SLI) x 4 (age group) factorial ANOVA 
was run in R (R Core Team, 2015) to compare individual IMAP test scores by group and age group 
for the Backward Masking task, the Simultaneous Masking task, the Backward Masking with 50ms 
Gap task, the Frequency Discrimination task and the derived Temporal Resolution score. 
Significant effects were further explored with post-hoc pairwise t-tests. For Backward Masking 
scores, there was a non-significant main effect of group, F (1, 22) = 2.24, p = .15, ηG2 = .07 and 
the main effect of age approached significance, F (3, 22) = 2.80, p = .06, ηG2 = .25. However, the 
interaction between group and age group was not significant, F (3, 22) = 0.32, p = .81, ηG2 = .03. 
For Simultaneous Masking scores, there was a significant main effect of group, F (1, 22) = 6.47, 
p < .05, ηG2  = .19 and a non-significant main effect of age group, F (3, 22) = 1.38, p = .27, ηG2 = 
.12. The interaction between group and age group was not significant, F (3, 22) = 0.29, p = .83, 
ηG2 = .03.  The Backward Masking task with 50ms Gap, had a non-significant main effect of group, 
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F (1, 22) = 0.98, p = .33, ηG2 = .03, a significant main effect of age group, F (3, 22) = 3.75, p < .05, 
ηG2 = .33 and the interaction between group and age group was not significant, F (3, 22) = 0.07, p 
= .98, ηG2 = .01. Post-hoc analyses using pairwise t-test with a Bonferroni-Holm correction 
indicated that the 8; 00-8; 11 age group was significantly different from the 10; 00-10; 11 age 
group (p < .05), and 11; 00-11; 11 age group (p < .05). The other groups did not significantly differ 
from the others. For the Frequency Discrimination task, the main effect of group approached 
significance, F (1, 22) = 3.32, p = .08, ηG2 = .12 and there was a non-significant main effect of age 
group, F (3, 22) = 0.31, p = .82, ηG2 = .04. The interaction between group and age group was not 
significant for the Frequency Discrimination task, F (3, 22) = 0.12, p = .95, ηG2 = .01. Finally, for 
the derived Temporal Resolution score, there were no group differences, F (1, 22) = 0.61, p = .44, 
ηG2 = .02. There was a non-significant main effect of age group, F (3, 22) =1.14, p = .36, ηG2 = .12 
and the interaction between group and age group was also not significant, F (3, 22) = 0.89, p = .46, 
ηG2 = .09. 
       Independent samples t-tests were run in R (R Core Team, 2015) to compare psychoacoustic 
testing scores by group only for the Simultaneous Masking with Notch task and for the derived 
Frequency Resolution score, as some of the age groups for these tasks only had one member and 
a 2 x 4 ANOVA could not be calculated. There was no significant difference in scores on the 
simultaneous masking with notch task between participants with TLD  (M = 49.97, SD = 8.09) 
and participants with SLI (M = 50.78, SD = 8.61), t(28) = -0.25, p = .80, r = .05 and no significant 
difference in scores for the derived Frequency Resolution score between participants with TLD 
(M = 16.28, SD = 8.38) and participants with SLI (M = 18.59, SD = 7.27), t(28) = -0.78, p = .44, 
r = .15. 
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Table 4: Mean scores by group and age on psychoacoustic tests in decibels (dB) (standard 
deviation in parentheses) 
 
 
Group Age N BM SMN SM 
BMG 
50 
Freq  
Disc 
Freq  
Res 
Temp 
Res 
TLD 
8;00-
8;11 4 62.91 53.04 67.08 55.41 42.90 14.04 7.50 
   (5.63) (11.95) (3.16) (5.46) (37.34) (13.35) (8.02) 
 
9;00-
9;11 5 53.49 48.16 66.83 45.36 142.32 18.67 8.13 
   (11.14) (6.57) (2.46) (8.79) (281.44) (5.58) (6.32) 
 
10;00-
10;11 2 47.74 47.08 63.74 39.83 21.43 16.67 7.92 
   (9.78) (6.48) (0.59) (3.77) (25.42) (7.07) (6.01) 
 
11;00-
11;11 3 45.64 52.49 67.22 41.11 37.30 12.51 4.53 
    (4.94) -- (2.55) (2.55) (38.89) -- (7.22) 
 Total  53.68 49.97 66.54 46.53 74.14 16.28 7.15 
   (10.16) (8.09) (2.57) (8.44) (166.75) (8.38) (6.33) 
SLI 
8;00-
8;11 4 64.78 53.41 69.79 59.78 212.88 16.38 5.00 
   (17.89) (11.56) (6.61) (15.07) (296.06) (6.35) (13.56) 
 
9;00-
9;11 3 65.83 50.00 68.33 46.27 274.57 18.33 19.52 
   (10.64) (1.44) (3.34) (9.84) (386.60) (4.64) (5.81) 
 
10;00-
10;11 5 51.33 50.09 67.83 45.26 143.60 17.73 6.07 
   (12.37) (11.66) (1.62) (12.38) (119.78) (10.66) (12.90) 
 
11;00-
11;11 4 53.87 49.58 71.66 45.33 303.95 22.08 8.54 
   (10.64) (6.44) (1.52) (8.92) (375.49) (5.87) (5.95) 
 Total  58.05 50.78 69.37 49.10 225.56 18.59 8.94 
   (13.66) (8.61) (3.72) (12.48) (271.82) (7.27) (11.05) 
 
Visual Interference Task. All subjects completed a visual interference task with three 
sections (i.e., a vigilance task, a simple distractor task, and an inhibition task) and reaction time 
was recorded. The mean reaction time with standard deviations by group and for all participants 
is presented in Table 5 below. Mean reaction time for the three visual interference subtests with 
95% confidence interval bars are presented in Appendix E in Figures E1-E4. 
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     Independent samples t-tests were run in R (R Core Team, 2015) to compare the visual 
interference task subtest reaction times and overall average reaction time by group. There was no 
significant difference in reaction time on the vigilance subtest for participants with TLD 
(M=710.63, SD=175.88) and participants with SLI (M = 799.12, SD = 173.60), t (27) = -1.36, p = 
.19, r = .25. However, on the simple distractor subtest, participants with TLD (M = 891.36, SD = 
253.46) had significantly faster reaction times than participants with SLI (M = 1149.49, SD = 
270.45), t(27) = -2.63, p < .05, r = .45 and on the the inhibition subtest,  participants with TLD (M 
= 947.88, SD =169.25) has significantly faster reaction times than participants with SLI (M = 
1100.63, SD=189.10), t(27) = -2.27, p < .05,  r = .40. Finally, in average overall reaction time on 
the test of visual interference, participants with TLD (M = 849.96, SD = 184.61) had significantly 
faster reaction times than participants with SLI (M = 1016.42, SD = 186.07), t (27) = -2.40, p < 
.05, r = .42. 
 
Table 5: Mean reaction time on visual interference tasks by group (standard deviation  
in parentheses) 
Group 
A 
Vigilance 
B 
Simple 
Distractor 
C 
Inhibition 
 
Average RT 
TLD 710.63n.s. 891.36* 947.88*  849.96* 
  (175.88) (253.46) (169.25)  (184.61) 
SLI 799.12 1149.49 1100.63  1016.42 
 (173.60) (270.45) (189.10)  (186.07) 
n.s. p>.1     † p<.1     *p<.05     ** p<.01     ***p<.001 
Note: Within each pre-test, the superscript of the level of statistical 
significance is placed just on one of the two groups to indicate that the 
relative mean scores are statistically different from each other 
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Picture-Word Interference Task 
Percent Error PWI Task. Trials where participants produced false starts or where the 
voice key malfunctioned and responses could not be corrected were discarded, and accounted for 
2.33% (TLD) and 3.51% (SLI) of all trials in the PWI task.  The mean percentage of errors with 
standard deviations for the PWI task by stimulus asynchrony, condition, and group (TLD and SLI) 
are presented in Table 6 and plotted with 95% confidence interval bars in Figures F1-F4 in 
Appendix F. As can be seen in Table 6, the percentage of errors in both groups is low, representing 
potential floor effects. Subjects with SLI produced a greater number of errors in all conditions and 
at all SOAs except for the rhyme condition at 0ms and +150ms where children with TLD produced 
a slightly higher percentage of errors.  The SLI group produced the  highest percentage of errors 
at +300ms SOA with categorical related IWs (17.01) and associate related IWs (16.49) and at 
+150ms SOA with associate related IWs (16.24).  Subjects 32 and 16 had the highest contribution 
to these error rates in all three of these conditions. Both of these subjects, however, were not 
obviously distinct in any way and both met the test criteria in all of the language and cognitive 
tests. 
Error Analysis PWI Task.  In order to determine if error rates were significantly different 
between groups, a 2 (group) x 5 (condition) repeated measures ANOVA was run. Planned 
comparisons were also run across condition between groups. F-tests to compare the variances 
between groups and t-tests were run by condition comparing error rates between groups, adjusting 
the degrees of freedom when the variances were significantly different at each condition. The 
Bonferroni correction for multiple comparisons was used lowering the α-level to .01. Results of 
these tests indicated that the differences in error rates between the TLD and SLI groups in the PWI 
tasks were non-significant under all conditions and at all SOAs. 
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At  -150ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=0.51, p=.48, η2=.01), main effect of condition (F(4,112)=1.61, p=.18, 
η2=.02), and the interaction of group and condition (F(4,112)=1.02, p=.40, η2=.01) were non-
significant. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(23.21)=-0.88, p=.39, 
r=.16), onset condition (t(28)=0.28, p=.79, r=.28), rhyme condition (t(28)=-0.54, p=.59, r=.01), 
categorical condition (t(19.86)=-0.94, p=.36, r=.19), and associate condition (t(22.24)=-1.22, 
p=.24, r=.40). 
At  0ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main effect 
of group (F(1,28)=2.64, p=.12, η2=.01), main effect of condition (F(4,112)=0.64, p=.63, η2=.01), 
and the interaction of group and condition (F(4,112)=1.79, p=.14, η2=.03) were non-significant. 
There was no significant difference between typically developing individuals and individuals with 
specific language impairment for the unrelated condition (t(28)=-1.54, p=.14, r=.28), onset 
condition (t(22.81)=-1.40, p=.17, r=.28), rhyme condition (t(28)=0.64, p=.53, r=.13), categorical 
condition (t(24.07)=-1.88, p=.07, r=.36), and associate condition (t(28)=-1.71, p=.10, r=.31). 
At  150ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=0.97, p=.33, η2=.002), main effect of condition (F(4,112)=0.90, p=.47, 
η2=.01), and the interaction of group and condition (F(4,112)=1.54, p=.19, η2=.01) were non-
significant. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(22.33)=-1.08, p=.29, 
r=.22), onset condition (t(28)=-0.69, p=.50, r=.13), rhyme condition (t(28)=0.33, p=.75, r=.06), 
categorical condition (t(23.37)=-1.32, p=.20, r=.26), and associate condition (t(24.36)=-1.33, 
p=.20, r=.26). 
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At 300ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=1.74, p=.20, η2=.004), main effect of condition (F(4,112)=0.10, p=.98, 
η2=.02), and the interaction of group and condition (F(4,112)=1.23, p=.30, η2=.01) were non-
significant. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(23.18)=-1.44, p=.16, 
r=.29), onset condition (t(21.63)=-0.87, p=.39, r=.18), rhyme condition (t(28)=-0.30, p=.76, 
r=.06), categorical condition (t(18.91)=-1.31, p=.20, r=.29), and associate condition (t(24.00)=-
1.99, p=.06, r=.38). 
 
Table 6: Mean percentage of errors by condition, group and stimulus asynchrony for the Picture-
Word Interference task (standard deviation in parentheses) 
  SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD 8.50 8.20 9.49 8.93 
  (4.09) (5.86) (3.64) (6.29) 
 SLI 12.83 13.41 13.14 16.00 
  (10.18) (6.86) (10.24) (12.47) 
onset TLD 11.51 7.71 10.28 9.88 
  (6.37) (5.26) (6.75) (5.56) 
 SLI 11.82 14.36 13.01 15.75 
    (10.60) (10.44) (10.54) (15.46) 
rhyme TLD 8.86 11.61 10.96 10.06 
  (4.92) (4.17) (4.72) (5.23) 
 SLI 10.44 9.06 10.87 14.19 
  (8.71) (6.10) (9.02) (9.68) 
categorical TLD 8.95 8.64 10.21 9.18 
  (3.48) (6.25) (8.20) (3.23) 
 SLI 14.04 10.83 14.20 17.01 
    (15.69) (10.61) (15.61) (16.55) 
associate TLD 6.95 6.94 8.83 10.49 
  (4.13) (3.60) (6.23) (6.10) 
 SLI 11.66 11.98 16.24 16.49 
    (9.99) (5.16) (10.53) (11.52) 
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Reaction Time PWI task. The mean reaction time with standard deviations by stimulus 
asynchrony, condition, and group (TLD and SLI) for the PWI task are presented in Table 7 and 
plotted with 95% confidence interval bars in Figures 5-8.  Mean reaction time difference 
(Related-Unrelated) by condition, group and stimulus onset asynchrony (SOA) for the Picture-
Word Interference task is presented in Table 8 and presented with 95% confidence bars in 
Figures 9-12. Subjects with SLI demonstrated longer mean reaction times under all conditions 
and at all SOAs than subjects with TLD except with onset related IWs at +300ms where TLD 
subjects demonstrated slightly longer reaction times. The statistical significance of these trends 
were investigated through multi-level modeling and are discussed in the following section. In 
Table 8 and in Figure 9, asterisks indicate SOA where condition was found to be significant 
through the multi-level modeling. To explore significant differences between mean related 
reaction time and mean unrelated reaction times at SOAs where condition was not found to be 
significant in the modeling,  t-tests with a Holm-Bonferroni were performed. In the PWI task, 
there were no significant reaction time differences other than those that were found to be 
significant through the modeling. These resuts are also discussed later in the results section.  
 
Table 7: Mean reaction time by condition, group and stimulus asynchrony for the Picture-Word 
Interference task (standard deviation in parentheses) 
  
 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD 994.74 1237.26 1163.75 1065.06 
  (385.73) (483.13) (389.15) (481.55) 
 SLI 1062.13 1254.66 1285.27 1143.92 
  (408.72) (489.28) (527.03) (516.78) 
onset TLD 987.75 1240.90 1115.56 1069.50 
  (378.82) (521.58) (454.86) (479.00) 
 SLI 1084.52 1247.01 1243.79 1037.74 
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    (457.18) (488.81) (564.34) (493.74) 
rhyme TLD 973.19 1167.93 1112.16 1009.71 
  (397.05) (477.40) (447.76) (442.89) 
 SLI 1019.34 1236.73 1231.66 1144.60 
  (456.19) (496.27) (520.64) (522.82) 
categorical TLD 957.75 1205.96 1127.65 1043.13 
  (352.93) (488.58) (474.28) (468.43) 
 SLI 1011.40 1238.42 1165.06 1106.85 
    (392.77) (508.93) (513.81) (581.04) 
associate TLD 916.44 1200.60 1115.57 1090.14 
  (347.07) (454.68) (387.57) (513.61) 
 SLI 985.57 1236.36 1254.94 1116.79 
    (387.45) (498.54) (505.95) (515.23) 
 
      
 
Figure 5: Mean reaction time by condition and group for -150ms SOA for the Picture-Word Interference task with 
95% confidence interval error bars 
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Figure 6: Mean reaction time by condition and group for 0ms SOA for the Picture-Word Interference task with 95% 
confidence interval error 
 
 
 
Figure 7: Mean reaction time by condition and group for +150ms SOA for the Picture-Word Interference task with 
95% confidence interval error bars 
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Figure 8: Mean reaction time by condition and group for +300ms SOA for the Picture-Word Interference task with 
95% confidence interval error bars 
 
Table 8: Mean reaction time difference (Related – Unrelated) by condition, group and stimulus 
asynchrony for the Picture-Word Interference task (standard deviation in parentheses. Astericks 
indicate condition was found to be significant. 
 
  
 
 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD *8.98 7.69 -43.06 24.53 
  (420.89) (525.58) (478.45) (512.89) 
 SLI *48.63 25.71 11.55 -57.59 
  (494.62) (523.91) (570.92) (515.85) 
rhyme TLD *-19.26 -67.56 -48.77 -38.04 
  (419.83) (533.06) (497.99) (537.79) 
 SLI *-26.96 14.44 -16.65 11.96 
  (492.46) (553.83) (584.29) (560.65) 
categorical TLD *-21.23 -27.83 -31.33 -18.21 
    (411.7) (508.15) (469.05) (558.5) 
 SLI *-33.61 8.31 -68.20 8.73 
  (472.05) (558.9) (521.82) (597.92) 
associate TLD *-71.61 -37.85 -46.07 27.48 
    (429.08) (516.45) (460.41) (524.62) 
 SLI *-58.87 -0.15 22.63 -19.16 
  (488.38) (542.35) (572.17) (615.85) 
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*Figure 9: Mean reaction time difference (Related – Unrelated )by condition and group for -150ms SOA for the 
Picture-Word Interference task with 95% confidence interval error bars. *Condition was found to be significant in 
both groups in the PWI task through multi-level modeling. 
 
 
 
Figure 10: Mean reaction time difference (Related – Unrelated) by condition and group for 0ms SOA for the 
Picture-Word Interference task with 95% confidence interval error bars 
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Figure 11: Mean reaction time difference (Related – Unrelated) by condition and group for 150ms SOA for the 
Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
 
Figure 12: Mean reaction time difference (Related – Unrelated) by condition and group for 300ms SOA for the 
Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
Picture-Picture Interference (PPI) Task 
Percent Error PPI Task. Similar to the PWI task, trials where participants produced false 
starts or where the voice key malfunctioned and responses could not be corrected were discarded, 
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and accounted for 2.67% (TLD) and 5.04 % (SLI) of all trials in the PPI task. The mean percentage 
of errors with standard deviations for the PPI task by stimulus asynchrony, condition, and group 
(TLD and SLI) are presented in Table 9 and plotted with 95% confidence interval bars in Figures 
G1-G4 in Appendix G. Also, as seen in the PWI task, percentage of error was low in both groups 
and possibly demonstrate floor effects. Again, however, subjects with SLI produced a higher 
percentage of errors than subjects with TLD in all conditions and at all SOAs in the PPI task. Error 
rates were highest for the SLI group at -150ms SOA with categorical related IWs (18.51) and at 
0ms SOA with onset related IWs (18.42) and categorical related IWs (19.13).  As in the PWI task, 
subject 16 demonstrated the greatest number of errors in those conditions and again, this subject 
did not display any significant identifying factor and met all language and cognitive subject 
criteria.  
Error Analysis PPI Task. In order to determine if differences in error rates between the 
groups in the PPI task were statistically significant, a 2 (group) x 5 (condition) repeated measures 
ANOVA was run. Planned comparisons were also run across condition between groups. F-tests 
to compare the variances between groups and t-tests were run by condition comparing error rates 
between group, adjusting the degrees of freedom when the variances were significantly different 
at each condition. The Bonferroni correction for multiple comparisons was used lowering the α-
level to .01. Results of these analyses indicated that at -150ms and 300ms SOA, under each 
condition, differences in error rates between TLD and SLI groups were non-significant. At 
150ms SOA, the main effect of group was significant, but there was no significant difference 
between typically developing participants and participants with specific language impairment 
under any specific condition.  At 0ms SOA, participants with specific language impairment had 
significantly more errors than typically developing participants for the rhyme condition.    
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At  -150ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=1.18, p=.29, η2=.005), main effect of condition (F(4,112)=0.50, p=.74, 
η2=.005), and the interaction of group and condition (F(4,112)=0.44, p=.78, η2=.004) were non-
significant. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(19.15)=-1.18, p=.25, 
r=.26), onset condition (t(21.12)=-1.41, p=.17, r=.31), rhyme condition (t(19.55)=-0.66, p=.52, 
r=.15), categorical condition (t(27)=-0.43, p=.67, r=.08), and associate condition (t(22.10)=-1.51, 
p=.14, r=.31). 
At  0ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main effect 
of group (F(1,28)=5.53, p=.03, η2=.003) was significant and the main effect of condition 
(F(4,112)=0.56, p=.69, η2=.02) and the interaction of group and condition (F(4,112)=0.79, p=.54, 
η2=.01) were non-significant. Individuals with specific language impairment has significantly 
more errors than typically developing individuals for the rhyme condition, t(22.66)=-2.82, p=.01, 
r=.51. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(28)=-1.24, p=.23, 
r=.23), onset condition (t(20.29)=-1.80, p=.09, r=.37), categorical condition (t(22.13)=-2.01, 
p=.06, r=.39), and associate condition (t(28)=-1.66, p=.11, r=.30).  
At  150ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=5.84, p=.02, η2=.003) was significant, but the main effect of condition 
(F(4,112)=1.02, p=.40, η2=.04) and the interaction of group and condition (F(4,112)=1.12, p=.35, 
η2=.02) were non-significant. There was no significant difference between typically developing 
individuals and individuals with specific language impairment for the unrelated condition 
(t(19.03)=-1.92, p=.07, r=.40), onset condition (t(28)=-0.39, p=.70, r=.07), rhyme condition 
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(t(28)=-1.89, p=.07, r=.34), categorical condition (t(28)=-2.01, p=.05, r=.36), and associate 
condition (t(20.80)=-2.26, p=.04, r=.44). 
At  300ms SOA, for the 2 (group) x 5 (condition) repeated measures ANOVA, the main 
effect of group (F(1,28)=0.65, p=.43, η2=.01), main effect of condition (F(4,112)=0.60, p=.66, 
η2=.02), and the interaction of group and condition (F(4,112)=1.74, p=.15, η2=.03) were non-
significant. There was no significant difference between typically developing individuals and 
individuals with specific language impairment for the unrelated condition (t(28)=-0.84, p=.41, 
r=.16), onset condition (t(18.55)=1.50, p=.15, r=.33), rhyme condition (t(28)=-0.03, p=.98, r=.01), 
categorical condition (t(28)=-0.92, p=.37, r=.17), and associate condition (t(18.01)=-1.82, p=.08, 
r=.40). 
 
Table 9: Mean percentage of errors by condition, group and stimulus asynchrony for the Picture-
Picture Interference task (standard deviation in parentheses)* Significantly greater than TLD 
group at p=.01 
  
 
 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
Unrelated TLD 11.42 9.88 6.99 9.66 
  (5.07) (4.64) (2.12) (7.08) 
 SLI 16.83 10.67 16.39 11.64 
  (17.42) (6.34) (10.15) (8.25) 
onset TLD 8.81 9.14 9.19 10.44 
  (3.21) (3.03) (6.99) (4.99) 
 SLI 12.18 18.42 11.20 6.39 
    (9.62) (11.60) (6.49) (0.22) 
rhyme TLD 10.05 8.75 11.00 11.53 
  (4.41) (3.35) (5.01) (8.91) 
 SLI 15.04 *14.07 11.26 11.46 
  (15.14)  (9.96) (4.97) (7.29) 
categorical TLD 10.90 10.88 12.08 7.73 
  (6.24) (3.92) (6.08) (2.36) 
 SLI 18.51 19.13 15.42 12.02 
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    (11.88) (9.92) (8.00) (4.73) 
associate TLD 7.01 10.48 9.94 5.94 
  (2.10) (5.03) (3.19) (0.15) 
 SLI 10.43 13.63 14.93 11.90 
    (6.03) (8.91) (12.14) (10.71) 
      
Reaction Time PPI Task. The mean reaction time with standard deviations by stimulus 
asynchrony, condition, and group (TLD and SLI) for the PPI task are presented in Table 10 and 
plotted with 95% confidence interval bars in Figures 13-16. Mean reaction time difference by 
stimulus asynchrony, condition, and group is presented in Table 11 and plotted with 95% 
confidence interval bars in Figures 17-20. Similar to the PWI task, subjects with SLI demonstrated 
greater mean reaction times under all conditions and at all SOAs than subjects with TLD.  The 
statistical significance of these reaction time trends were investigated through multi-level 
modeling and are discussed in the following section.  In Table 11 and Figure 19, asterisks indicate 
SOA where condition was found to be significant through the multi-level modeling. To explore 
significant differences between related words reaction times and unrelated words reaction times in 
the PPI task,  t-tests with a Holm-Bonferroni correction were performed. Asterisks also seen in  
Table 11 and Figure 18 indicate difference values which were found through the t-tests to be 
significant at the p < .05 level. These resuts are also discussed later in the results section. 
 
Table 10: Mean reaction time by condition, group and stimulus asynchrony for the Picture-Picture 
Interference task (standard deviation in parentheses) 
 
  SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD 1036.72 1105.35 1053.53 1051.11 
  (405.86) (412.32) (433.03) (479.94) 
 SLI 1187.08 1253.80 1223.14 1150.12 
  (432.12) (462.83) (541.58) (504.98) 
onset TLD 1029.07 1122.22 1056.14 1021.39 
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  (440.83) (465.92) (455.23) (479.64) 
 SLI 1146.60 1235.69 1154.57 1090.96 
    (465.71) (500.05) (535.48) (538.00) 
rhyme TLD 1064.35 1127.73 1099.24 1061.05 
  (477.81) (433.64) (512.47) (473.23) 
 SLI 1164.34 1254.09 1148.22 1144.48 
  (464.55) (493.11) (516.51) (536.46) 
categorical TLD 1055.82 1050.91 1055.14 1001.78 
  (439.36) (332.40) (426.17) (454.81) 
 SLI 1177.73 1218.08 1150.77 1167.58 
    (424.33) (441.00) (537.53) (575.86) 
associate TLD 1045.58 1115.20 1135.05 1100.20 
  (459.50) (419.30) (471.01) (499.49) 
 SLI 1184.49 1328.72 1266.97 1104.94 
    (449.18) (536.37) (575.45) (499.49) 
      
 
      
 
Figure 13: Mean reaction time by condition and group for -150ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bars 
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Figure 14: Mean reaction time by condition and group for 0ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bars 
 
 
 
Figure 15: Mean reaction time by condition and group for +150ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bars 
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Figure 16: Mean reaction time by condition and group for 300ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bar 
 
 
 
 Table 11: Mean reaction time difference (Related – Unrelated)by stimulus asynchrony, 
condition, and group for the Picture-Picture Interference task (standard deviation in 
parentheses.) * Condition was found to be significant through multi-level modeling and (**) 
through t-tests (p<.05). 
  
 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD -1.01 15.05 *13.80 -28.06 
  (440.27) (446.47) (472.15) (527.43) 
 SLI 4.33 -0.38 *-37.34 -23.76 
    (467.78) (580.01) (560.35) (582.59) 
rhyme TLD 41.29 36.52 *68.01 19.25 
  (500.80) (440.50) (516.53) (505.08) 
 SLI 3.30 10.12 *-15.64 18.86 
  (509.89) (537.20) (494.80) (594.30) 
categorical TLD 57.34 -38.72 *23.05 -16.80 
  (429.68) (402.32) (443.38) (529.36) 
 SLI 17.74 21.43 *-43.40 42.76 
    (501.06) (571.10) (635.48) (583.07) 
associate TLD 22.40 22.40 *106.00 58.89 
  (494.08) (413.93) (482.38) (525.57) 
 SLI 1.58 **107.90 *103.72 -1.92 
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    (522.40) (558.36) (579.13) (546.28) 
 
 
 
 
 
 
Figure 17: Mean reaction time difference (Related – Unrelated) by condition and group for -150ms SOA for the 
picture-picture interference task with 95% confidence interval error bars 
 
 
 
 
**Figure 18: Mean reaction time difference (Related – Unrelated) by condition and group for 0ms SOA for the 
picture-picture interference task with 95% confidence interval error bars. **T-test revealed mean reaction time 
difference for SLI group at 0ms SOA with associate words was significant at p < .05. 
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*Figure 19: Mean reaction time difference (Related – Unrelated) by condition and group for +150ms SOA for the 
picture-picture interference task with 95% confidence interval error bars. * Multi-level modeling revealed condition 
to be significant at +150ms SOA in TLD and SLI groups in the PPI task. 
 
 
 
 
Figure 20: Mean reaction time difference (Related – Unrelated) by condition and group for 300ms SOA for the 
picture-picture interference task with 95% confidence interval error bars 
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Reaction Time PWI versus PPI tasks in TLD and SLI groups 
 At -150ms SOA, both TLD and SLI groups demonstrated longer mean reaction times in 
the PPI task than in the PWI task with all interfering word types. Reaction time trends changed 
when the prime and distractor were presented simultaneously. At 0ms SOA, in TLD and SLI 
groups,  mean reaction times were longer in the PWI task than the PPI task with all interfering 
word types except in the SLI group with rhyme- and associate-related interfering words. With 
these two interfering word types, mean reaction times were slightly longer in the PPI task. Reaction 
time trends were less consistent at +150ms and +300ms SOA however, in both groups, with most 
word types, mean reaction times continued to be longer in the PWI task than in the PPI task. 
Exceptions occurred at +150ms SOA in the TLD group with onset IWs and in SLI and TLD groups 
with associate IWs, where mean RTs were longer in the PPI task.   At +300ms SOA, in the SLI 
group mean reaction times were again longer in the PPI task than the PWI task with unrelated, 
onset and categorically related IWs and in the TLD group with associatively related IWs. 
 
TLD and SLI groups by SCAN 3:C results  
PWI Task. Mean reaction times by condition, group (TLD and SLI and pass/fail results of 
SCAN 3:C), and stimulus asynchrony for the PWI task are presented in Table 12 and plotted with 
95% confidence interval bars in Figures 21-24.  Mean reaction time differences are presented Table 
13 and plotted with 95% confidence interval bars in Figures 25-28. For the PWI task, the subjects 
with TLD who failed the SCAN 3:C demonstrated longer mean reaction times than subjects with 
TLD who passed the SCAN 3:C in all conditions and at all SOAs.  For subjects with SLI, a similar 
pattern emerged.  SLI subjects who failed the SCAN 3:C demonstrated longer mean reaction times 
than SLI subjects who passed the SCAN 3:C under all conditions and at all SOAs except for the 
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categorical and associate conditions at 0ms SOA.  Under these conditions, subjects with SLI who 
passed the SCAN 3:C demonstrated slightly longer mean reaction times than SLI subjects who 
failed the SCAN 3. The contribution of the SCAN 3:C to reaction time in the PWI task in TLD 
and SLI groups will be discussed in the following multi-level modeling section. Multilevel models 
which explored reaction time differences in TLD and SLI groups which were divided by pass/fail 
status of the SCAN 3:C could not be run due to small subject numbers (subjects with TLD who 
passed all 3 subtests of SCAN 3:C, n = 7; subjects with TLD who failed at least 1 subtest of the 
SCAN 3:C, n = 7; subjects with SLI who passed all 3 subtests of the SCAN 3:C, n = 3; subjects 
with SLI who failed at least 1 subtest of the SCAN 3:C, n = 13).  
 
Table 12: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C), and stimulus asynchrony for the Picture-Word Interference task (standard deviation in 
parentheses) 
  
 
SCAN 
3:C 
 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Pass  875.35 1079.35 1123.16 933.11 
   (294.91) (364.85) (363.02) (394.41) 
  Fail 1114.14 1395.16 1204.33 1197.87 
     (427.64) (533.90) (410.82) (524.27) 
 SLI Pass 1055.17 1186.00 1134.44 1112.67 
   (443.69) (486.95) (488.39) (527.82) 
  Fail 1063.74 1270.61 1320.33 1151.25 
      (400.98) (489.29) (530.30) (514.83) 
onset TLD Pass 918.24 1066.97 1029.01 956.79 
   (346.39) (396.62) (325.00) (419.01) 
  Fail 1064.22 1436.75 1205.46 1188.95 
     (399.19) (574.91) (545.67) (510.24) 
 SLI Pass 1051.89 1237.91 1041.81 1019.57 
   (449.37) (514.44) (435.65) (415.75) 
  Fail 1091.69 1249.25 1293.86 1041.91 
      (459.50) (483.42) (581.94) (510.68) 
rhyme TLD Pass 908.42 1056.80 1032.92 886.39 
   (369.12) (421.34) (309.61) (367.61) 
  Fail 1039.89 1278.27 1197.14 1133.03 
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     (414.76) (504.95) (548.03) (477.51) 
 SLI Pass 995.78 1198.56 1047.22 1129.98 
   (408.91) (530.57) (420.61) (485.98) 
  Fail 1024.58 1246.31 1274.11 1148.04 
      (466.66) (487.97) (532.82) (532.02) 
categorical TLD Pass 864.26 1038.72 1036.63 869.32 
   (276.18) (375.29) (353.84) (347.95) 
  Fail 1065.34 1380.80 1222.83 1235.81 
     (399.20) (531.62) (559.60) (509.02) 
 SLI Pass 1048.93 1202.21 962.83 1058.27 
   (449.85) (480.89) (395.27) (458.84) 
  Fail 1002.02 1247.67 1215.62 1118.62 
      (377.64) (516.48) (528.11) (607.24) 
associate TLD Pass 834.70 1071.50 1070.05 1011.61 
   (284.05) (390.30) (321.03) (457.61) 
  Fail 999.38 1341.62 1163.11 1163.67 
     (384.64) (478.97) (442.88) (552.55) 
 SLI Pass 958.52 1299.91 1106.20 1037.95 
   (373.23) (611.13) (429.27) (514.20) 
  Fail 991.48 1221.79 1290.09 1135.99 
   (390.97) (469.17) (517.00) (514.76) 
 
 
 
 
 
 
Figure 21: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for -150ms SOA  for the Picture-Word Interference task with 95% confidence interval error 
bars 
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Figure 22: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for 0ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
 
Figure 23: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for +150ms SOA  for the Picture-Word Interference task with 95% confidence interval error 
bars 
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Figure 24: Mean reaction time by condition, group (TLD and SLI) and pass/fail results of SCAN 
3:C for 300ms SOA for the Picture-Word Interference task with 95% confidence interval error 
bars 
 
 
 
Table 13: Mean reaction time difference (Related-Unrelated) by condition, group (TLD and SLI 
and pass/fail results of SCAN 3:C) and stimulus asynchrony for the Picture-Word Interference 
task (standard deviation in parentheses) 
 
  SCAN 
3:C 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD Pass 65.78 -25.16 -84.19 29.60 
   (315.98) (499.02) (433.65) (502.44) 
  Fail -53.49 44.69 -0.34 19.16 
     (506.19) (553.62) (519.18) (525.57) 
 SLI Pass 39.31 84.33 -63.29 -96.97 
   (399.70) (490.15) (484.31) (428.38) 
  Fail 50.68 11.24 30.10 -48.54 
      (513.84) (531.93) (589.88) (534.32) 
rhyme TLD Pass 42.05 -14.48 -89.06 -1.87 
   (363.08) (455.88) (412.97) (445.23) 
  Fail -82.39 -120.25 -5.56 -74.2 
     (464.14) (596.97) (574.00) (616.26) 
 SLI Pass -57.18 24.54 -61.22 34.81 
   (426.26) (459.73) (543.14) (507.72) 
  Fail -20.24 11.91 -6.39 6.57 
      (506.55) (575.86) (593.96) (573.25) 
categorical TLD Pass 3.24 -41.73 -70.05 -67.02 
   (284.97) (475.95) (416.89) (523.41) 
  Fail -49.39 -13.30 9.17 35.90 
     (520.64) (541.21) (516.53) (592.34) 
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 SLI Pass 1.55 27.33 -158.69 -12.97 
   (506.69) (426.86) (381.83) (565.76) 
  Fail -42.40 3.45 -45.58 14.00 
      (463.71) (588.64) (549.66) (606.52) 
associate TLD Pass -42.67 -8.57 -40.45 93.15 
   (334.98) (493.13) (399.40) (506.35) 
  Fail -100.98 -69.84 -51.95 -34.00 
     (506.65) (540.87) (517.98) (535.66) 
 SLI Pass -77.88 110.92 23.80 -59.32 
   (470.42) (567.30) (535.31) (554.60) 
  Fail -54.71 -25.61 22.35 -9.38 
   (493.05) (534.38) (581.61) (630.60) 
       
 
 
 
 
 
Figure 25: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for -150ms SOA for the Picture-Word Interference task 
with 95% confidence interval error bars 
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Figure 26: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for 0ms SOA  for the Picture-Word Interference task with 
95% confidence interval error bars 
 
 
 
 
 
 
Figure 27: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for +150ms SOA for the Picture-Word Interference task 
with 95% confidence interval error bars 
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Figure 28: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for 300ms SOA for the Picture-Word Interference task with 
95% confidence interval error 
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PPI Task. Mean reaction times by condition, group (TLD and SLI and pass/fail results of 
SCAN 3:C), and stimulus asynchrony for the PPI task are presented in Table 14 and plotted with 
95% confidence interval bars in Figures 29-32.  Reaction time differences are presented in Table 
15 and plotted with 95% confidence interval bars in Figures 33-36.  For subjects with TLD, the 
pattern of mean reaction times for the PPI task was similar to that seen in the PWI task. Subjects 
with TLD who failed the SCAN 3:C demonstrated longer mean reaction times than TLD subjects 
who passed the SCAN 3:C under all conditions and at all SOAs except in the categorical condition 
at 0ms SOA. Children with TLD who passed and those who failed the SCAN 3:C exhibited similar 
mean reaction times (pass 1051.03ms; fail 1050.8ms) at 0ms SOA with categorically related 
interfering words. For subjects with SLI, the mean reaction time patterns in the PPI were different 
than those demonstrated in the PWI task.  Subjects with SLI who passed the SCAN 3:C 
demonstrated longer mean reaction times than those who failed the SCAN 3:C under all conditions 
and at all SOAs. The contribution of the SCAN 3:C to reaction time in the PPI task in TLD and 
SLI groups will be discussed in the following multi-level modeling section. Multilevel models 
explored reaction time differences in TLD and SLI groups which were divided by pass/fail status 
of the SCAN 3:C could not be run due to small subject numbers in the subgroups (subjects with 
TLD who passed all 3 subtests of SCAN 3:C, n = 7;   subjects with TLD who failed at least 1 
subtest of the SCAN 3:C, n = 7; subjects with SLI who passed all 3 subtests of the SCAN 3:C, n 
= 3; subjects with SLI who failed at least 1 subtest of the SCAN 3:C, n = 13). 
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Table 14: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C), and stimulus asynchrony for the Picture-Picture Interference task (standard deviation in 
parentheses) 
 
  SCAN 
3:C 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Pass 952.44 1033.07 930.01 934.95 
   (422.42) (383.66) (370.04) (409.89) 
  Fail 1120.3 1177.02 1176 1168.26 
     (371.99) (428.55) (457.04) (517.32) 
 SLI Pass 1241.44 1285.33 1269.93 1291.2 
   (342.53) (436.61) (475.97) (498.56) 
  Fail 1178.68 1246.46 1212.29 1117.56 
      (444.42) (469.37) (556.12) (501.95) 
onset TLD Pass 1012.72 1087.85 938.8 853.48 
   (513.52) (433.75) (342.13) (341.99) 
  Fail 1045.25 1157.32 1181.87 1189.29 
     (356.55) (496.46) (524.58) (537.2) 
 SLI Pass 1253.45 1295.41 1238.33 1186.93 
   (498.33) (427.14) (497.45) (481) 
  Fail 1127.6 1221.31 1135.75 1069.63 
      (458.67) (516.23) (543.2) (548.76) 
rhyme TLD Pass 1039.64 1075.35 964.7 933.06 
   (520.34) (423.61) (417.8) (413.69) 
  Fail 1089.59 1181.66 1236.53 1191.78 
     (431.44) (439.31) (563.49) (496.13) 
 SLI Pass 1252.37 1319.9 1221.85 1397.13 
   (455.56) (480.14) (524.43) (503.4) 
  Fail 1148.72 1236.37 1130.58 1091.22 
      (465.71) (496.56) (514.62) (529.21) 
categorical TLD Pass 1030.64 1051.03 938.11 841.38 
   (474.77) (352.97) (348.86) (327.31) 
  Fail 1082.92 1050.8 1165.15 1155.95 
     (398.58) (312.26) (463.15) (505.68) 
 SLI Pass 1304.03 1382 1169.82 1370.55 
   (490.55) (573.37) (572.3) (489.7) 
  Fail 1154.91 1185.49 1146.3 1120.65 
      (408.75) (403.88) (530.76) (585.29) 
associate TLD Pass 1022.6 1069.1 1019.43 979.94 
   (460.73) (428) (432.21) (487.05) 
  Fail 1069.72 1159.03 1255.39 1224.93 
     (459.3) (408.13) (481.6) (483.44) 
 SLI Pass 1244.11 1340.84 1362.97 1151.95 
   (400.73) (466.99) (542.08) (442.44) 
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  Fail 1175.31 1326.17 1245.82 1093.73 
   (456.49) (551.05) (581.89) (470.33) 
       
 
 
 
 
 
Figure 29: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for -150ms SOA  for the Picture-Picture Interference task with 95% confidence interval error 
bars 
 
 
 
 
 
 
Figure 30: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for 0ms SOA for the Picture-Picture Interference task with 95% confidence interval error 
bars 
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Figure 31: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for 150ms SOA for the Picture-Picture Interference task with 95% confidence interval error 
bars 
 
 
 
 
 
 
 
 
Figure 32: Mean reaction time by condition, group (TLD and SLI and pass/fail results of SCAN 
3:C) for 300ms SOA  for the Picture-Picture Interference task with 95% confidence interval error 
bars 
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Table 15: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI 
and pass/fail results of SCAN 3:C), and stimulus asynchrony for the Picture-Picture Interference 
task (standard deviation in parentheses) 
 
  SCAN 
3:C 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD Pass 62.47 46.33 21.05 -82.68 
   (457.15) (364.78) (416.98) (407.73) 
  Fail -63.86 -16.89 6.04 26.56 
     (415.69) (516.82) (526.97) (622.09) 
 SLI Pass 16.24 28.21 -3.65 -86.72 
   (377.7) (421.92) (464.3) (500.98) 
  Fail 2.21 -7.26 -44.91 -9.77 
      (483.01) (612.9) (580.63) (599.51) 
rhyme TLD Pass 92.7 52.35 44.93 -18.06 
   (470.8) (395.99) (432.3) (456.73) 
  Fail -11.23 20.22 91.56 57.35 
     (527.07) (483.53) (591.63) (549.98) 
 SLI Pass -20.19 10.33 5.77 109.87 
   (541.95) (594.39) (466.68) (654.16) 
  Fail 7.47 10.06 -20.77 -0.32 
      (505.57) (522.8) (502.51) (581) 
categorical TLD Pass 114.88 17.55 23.2 -60.36 
   (436.01) (367.13) (364.42) (433.08) 
  Fail -4.59 -94.99 22.9 25.07 
     (416.26) (429.16) (508.42) (606.95) 
 SLI Pass 86.07 201.36 -105.28 100.16 
   (479.98) (615.38) (520.75) (718.06) 
  Fail 5.39 -14.35 -28.86 29.49 
      (505.19) (556.87) (660.09) (548.8) 
associate TLD Pass 74.24 45.23 89.52 47.64 
   (453.77) (375.08) (473.2) (462.75) 
  Fail -32.06 0.7 123.15 70.56 
     (530.01) (448.55) (493.59) (585.61) 
 SLI Pass -38.78 104.3 104.21 -108.92 
   (446.27) (595.78) (587.44) (639.62) 
  Fail 7.79 108.66 103.61 23.61 
   (533.96) (551.88) (578.97) (520.38) 
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Figure 33: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for -150ms SOA for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
 
Figure 34: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for 0ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bars 
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Figure 35: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for 150ms SOA for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
 
 
Figure 36: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and 
SLI and pass/fail results of SCAN 3:C) for 300ms SOA  for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
 
TLD and SLI groups by IMAP test results 
PWI Task. Mean reaction times by condition, group (TLD and SLI and individual IMAP 
test results), and stimulus asynchrony for the PWI task are presented in Table 16 and plotted with 
95% confidence interval bars in Figures 37-40.  Mean reaction time differences are presented in 
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Table 17 and plotted with 95% confidence interval bars in Figures 41-44. All subjects, both TLD 
and SLI, who scored in the atypical  range (1 SD or more poorer than the mean) on one or more 
of the IMAP tests,  had longer mean reaction times under all conditions and at all SOAs than those 
who scored in the average range, except for SLI subjects with associatively related interfering 
words at 300ms SOA. At this SOA, mean reaction times were slightly longer for SLI subjects who 
scored in the average range on all IMAP tests than those who did not.   
Due to co-linearity issues, the results of the Backward Masking, Backward Masking with 
50ms Gap, Simultaneous Masking and Simultaneous Masking with Notch tests could not be 
entered into the multilevel models. However, the results of the Frequency Discrimination test were 
entered into multilevel modeling in order to determine its contribution to reaction time in TLD and 
SLI groups.  The contribution of Frequency Discrimination scores to reaction time in the PWI task 
in both groups is discussed in the multi-level modeling section. Reaction time differences in TLD 
and SLI groups which were divided by the results of the IMAP tests could not be entered into 
multi-level models due to small subject numbers (subjects with TLD who scored within normal 
limits on all IMAP tests, n = 9;   subjects with TLD who scored in the atypical range on at least 1 
IMAP test, n = 5; subjects with SLI who scored within normal limits on all IMAP tests, n = 6; 
subjects with SLI who scored in the atypical range on at least 1 IMAP test, n = 10). 
 
Table 16: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results), 
and stimulus asynchrony for the Picture-Word Interference task (standard deviation in 
parentheses). 
 
  IMAP Score 
Range 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Average 886.11 1161.31 1082.82 964.56 
   (325.4) (426.17) (340.81) (460.38) 
  Atypical 1190.29 1373.97 1309.42 1245.04 
     (409.46) (547.56) (428.12) (467.91) 
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 SLI Average 944.58 1057.85 1047.71 1017.78 
   (303.05) (395.17) (313.15) (449.65) 
  Atypical 1133.3 1373.82 1429.12 1221.35 
      (446.92) (502.91) (576.55) (540.54) 
onset TLD Average 861.28 1173.09 1082.92 967.38 
   (325.68) (431.53) (409.01) (439.57) 
  Atypical 1203.99 1352.6 1174.24 1252.09 
     (366.68) (629.62) (524.65) (494.29) 
 SLI Average 978.89 1097.37 996.98 1010.18 
   (388.63) (475.92) (348.86) (533.39) 
  Atypical 1161.56 1347.92 1420.92 1059.04 
      (488.16) (472.52) (621.06) (461.32) 
rhyme TLD Average 872.58 1094.07 1070.77 906.84 
   (321.21) (396.48) (399.83) (390.17) 
  Atypical 1145.52 1305.66 1185.14 1205.27 
   (453.22) (577.38) (515.96) (472.49) 
 SLI Average 916.1 1029.31 1064.83 1098.82 
   (393.35) (313.42) (342.03) (490.48) 
  Atypical 1091.32 1373.87 1348.35 1175.71 
      (483.47) (545.65) (588.95) (542.85) 
categorical TLD Average 884.84 1139.71 1074.72 1000.11 
   (344.24) (428.7) (451.81) (470.59) 
  Atypical 1090.67 1318.59 1232.32 1115.97 
     (330.62) (560.83) (502.16) (457.88) 
 SLI Average 924 1110.5 1050.52 999.45 
   (309.34) (461.88) (404.23) (556.23) 
  Atypical 1073.03 1322.44 1245.91 1189.72 
      (432.59) (522.06) (566.14) (587.84) 
associate TLD Average 826.72 1107.54 1086.28 972.34 
   (297.11) (405.96) (398.79) (501.66) 
  Atypical 1064.84 1368.49 1167.11 1314.48 
     (373.35) (490.53) (363.23) (460.72) 
 SLI Average 935.85 1038.34 1078.26 1148.22 
   (385.07) (390.89) (379.62) (526.48) 
  Atypical 1020.4 1367.66 1386.4 1094.08 
   (386.38) (519.34) (547.57) (507.32) 
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Figure 37: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for -150ms SOA 
for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
 
 
 
 
Figure 38: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 0ms SOA for 
the Picture-Word Interference task with 95% confidence interval error bars 
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Figure 39: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 150ms SOA 
for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
  
 
 
 
Figure 40: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 300ms SOA for the Picture-
Word Interference task with 95% confidence interval error bars 
 
 
 
Table 17: Mean reaction time difference (Related-Unrelated) by condition, group (TLD and SLI 
and individual IMAP test results), and stimulus asynchrony for the Picture-Word Interference task 
(standard deviation in parentheses) 
 
  IMAP Score 
Range 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD Average 6.49 18.65 6.46 19.74 
   (315.98) (441.19) (440.82) (425.27) 
  Atypical 13.25 -10.36 -132.1 33.1 
     (558.41) (642.92) (530.46) (642.85) 
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 SLI Average 38.11 39.78 -36.06 22.59 
   (420) (496.32) (387.35) (585.17) 
  Atypical 56.3 16.22 45.72 -119.57 
      (543.71) (542.94) (671.57) (447.19) 
rhyme TLD Average -5.71 -54.65 -7.05 -51.38 
   (349.78) (437.59) (418) (475.79) 
  Atypical -42.47 -91.62 -122.34 -12.67 
   (519.51) (678.13) (609.85) (641.51) 
 SLI Average -12.67 -23.23 22.62 95.79 
   (357.97) (504.57) (410.54) (596.95) 
  Atypical -36.92 39.36 -44.11 -45.03 
      (568.51) (584.15) (679.8) (528.71) 
categorical TLD Average 14.36 -14.83 -8.6 53.77 
   (357.1) (416.89) (437.23) (480.57) 
  Atypical -86.11 -49.93 -76.28 -140.07 
     (491.51) (635.72) (526.06) (654.86) 
 SLI Average -23.94 58.6 10.89 -16.72 
   (410.98) (525.18) (440.9) (631.01) 
  Atypical -40.43 -24.71 -124.03 28.37 
      (511.82) (579.13) (566.73) (572.29) 
associate TLD Average -43.36 -40.25 9.57 7.69 
   (337.89) (417.86) (464.07) (442.52) 
  Atypical -118.33 -33.52 -144 65.15 
     (546.34) (660.62) (439.26) (654.19) 
 SLI Average -8.92 -3.36 41.93 122.38 
   (416.4) (445.25) (428.33) (649.35) 
  Atypical -93.86 1.98 8.26 -121.48 
   (531.41) (599.28) (660.08) (570.87) 
 
 
 
 
 
Figure 41: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for -150ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
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Figure 42: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for 0ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
 
 
Figure 43: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for 150ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
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Figure 44: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for 300ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
PPI Task. Mean reaction times by condition, group (TLD and SLI and individual IMAP 
test results), and stimulus asynchrony for the PPI task are presented in Table 18 and plotted with 
95% confidence interval bars in Figures 45-48.  Mean reaction time differences are presented in 
Table 19 and plotted with 95% confidence interval bars in Figures 49-52.  In this task, both TLD 
and SLI subjects who scored in the atypical range on one or more IMAP test had longer reaction 
times under all conditions and SOAs than subjects in their group who scored in the average range 
on the IMAP tests. Because of co-linearity, the results of the Backward Masking, Backward 
Masking with 50ms Gap, Simultaneous Masking and Simultaneous Masking with Notch tests 
could be entered into the multilevel models. However, the results of the Frequency Discrimination 
test were entered into multilevel modeling in order to determine its contribution to reaction time 
in TLD and SLI groups.  The contribution of Frequency Discrimination scores to reaction time in 
the PPI task in both groups is discussed in the multi-level modeling section. Reaction time 
differences in TLD and SLI groups which were divided by the results of the IMAP tests could not 
be entered into multi-level models due to small subject numbers (subjects with TLD who scored 
within normal limits on all IMAP tests, n = 9;   subjects with TLD who scored in the atypical range 
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on at least 1 IMAP test, n = 5; subjects with SLI who scored within normal limits on all IMAP 
tests, n = 6; subjects with SLI who scored in the atypical range on at least 1 IMAP test, n = 10). 
 
Table 18: Mean reaction time by condition, group (TLD and SLI), individual IMAP test results, 
and stimulus asynchrony for the Picture-Picture Interference task (standard deviation in 
parentheses) 
 
  IMAP Score 
Range 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Average 936.16 986.86 961.44 976.85 
   (335.13) (327.78) (351.17) (442.45) 
  Atypical 1216.56 1317.23 1218.2 1183.9 
     (458.12) (462.24) (512.22) (517.15) 
 SLI Average 1060.14 1102.5 982.01 937.36 
   (364.11) (362.24) (332.1) (315.96) 
  Atypical 1272.27 1345.67 1368.67 1277.77 
      (453.86) (493.16) (590.32) (552.76) 
onset TLD Average 903.17 1001.86 975.01 971.73 
   (302.45) (362.74) (375.37) (466) 
  Atypical 1273.36 1341.69 1210.3 1113.4 
     (553.64) (549.16) (548.03) (494.29) 
 SLI Average 1026.99 1127.15 924.16 922.4 
   (383.51) (336.61) (260.85) (377.92) 
  Atypical 1239.64 1320.22 1313.54 1200.52 
      (503.08) (584.84) (613.96) (596.47) 
rhyme TLD Average 947.76 1003.92 1002.38 1050.59 
   (390.87) (337.09) (429.01) (483.57) 
  Atypical 1279.86 1351.6 1276.37 1080.38 
     (547.48) (497.12) (601.52) (456.5) 
 SLI Average 1076.29 1110.91 979.9 950.66 
   (442.68) (331.38) (322.14) (347.66) 
  Atypical 1228.66 1347.16 1256.42 1274.66 
      (471.44) (556.15) (585.74) (599.29) 
categorical TLD Average 920.95 949.7 965.79 947.07 
   (298.8) (249.5) (345.31) (434.3) 
  Atypical 1294.29 1216.05 1209.93 1104.96 
     (538.67) (382.76) (504.58) (477.44) 
 SLI Average 1111.35 1096.66 988.89 927.53 
   (334.09) (327.61) (338.47) (357.27) 
  Atypical 1224.5 1309.41 1265.43 1326.98 
      (473.64) (491.86) (618.46) (636.37) 
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associate TLD Average 921.26 990.92 1033.8 1041.74 
   (349.78) (282.92) (409.99) (448.53) 
  Atypical 1292.38 1334.4 1340.62 1204.56 
     (546.74) (521.44) (520.79) (567.62) 
 SLI Average 1081.21 1202.04 1069.24 966.48 
   (391.38) (373.68) (352.29) (318.08) 
  Atypical 1265.01 1422.98 1408.21 1191.75 
   (475.76) (615.53) (657.99) (519.07) 
 
 
 
 
 
 
Figure 45: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for -150ms SOA 
for the Picture-Picture Interference task with 95% confidence interval error bars 
 
 
 
 
 
 
 
 
Figure 46: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 0ms SOA for 
the Picture-Picture Interference task with 95% confidence interval error bars 
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Figure 47: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 150ms SOA 
for the Picture-Picture Interference task with 95% confidence interval error bars 
 
 
 
 
 
Figure 48: Mean reaction time by condition, group (TLD and SLI and individual IMAP test results) for 300ms SOA 
for the Picture-Picture Interference task with 95% confidence interval error bars 
 
 
 
Table 19: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI 
and individual IMAP test results), and stimulus asynchrony for the Picture-Picture Interference 
task (standard deviation in parentheses) 
 
  IMAP Score 
Range 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD Average -38.06 21.53 13.65 0.89 
   (303.46) (361.28) (351.69) (462.61) 
  Atypical 70.87 3.23 14.09 -81.7 
     (622.65) (573.09) (644.98) (630.52) 
 SLI Average -22.28 25.42 -68.81 -8.78 
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   (473.61) (435.22) (383.36) (444.66) 
  Atypical 25.02 -20.46 -15.62 -33.51 
      (464.34) (672.81) (655.82) (658.29) 
rhyme TLD Average 17.6 34.95 48.24 78.89 
   (434.75) (364.79) (413.86) (487.5) 
  Atypical 85.08 39.37 104.16 -91.01 
     (605.56) (554.66) (666.68) (522) 
 SLI Average 15.84 30.65 11.27 7.03 
   (506.25) (459.56) (381.29) (474.64) 
  Atypical -5.86 -3.23 -32.94 26.8 
      (514.55) (583.63) (556.47) (664.3) 
categorical TLD Average 11.01 -18.71 35.66 -10.73 
   (288.72) (335.93) (352.29) (458.42) 
  Atypical 139.25 -71.36 1.19 -28.24 
     (597.38) (492.61) (570.04) (645.84) 
 SLI Average 46.28 16.34 17.68 -15.88 
   (450.36) (439.8) (437.39) (462.61) 
  Atypical -2.37 25.26 -86.66 81.71 
      (534.91) (654.58) (743.43) (649.72) 
associate TLD Average 0.16 19.55 86.9 68.71 
   (430.05) (347.04) (398.71) (415.76) 
  Atypical 66.55 27.43 144.78 41.36 
     (602.6) (513.86) (620.35) (681.76) 
 SLI Average 22.36 105.8 91.21 55.18 
   (493.06) (455.83) (434.94) (399.26) 
  Atypical -14.62 109.46 112.66 -37.71 
   (545.71) (625.63) (664.82) (619.74) 
 
 
 
 
 
Figure 49: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for -150ms SOA for the Picture-Picture Interference task with 95% confidence interval error bars 
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Figure 50: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for 0ms SOA for the Picture-Picture Interference task with 95% confidence interval error bars 
 
 
 
 
 
 
 
Figure 51: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test results) for 150ms SOA for the Picture-Picture Interference task with 95% confidence interval error bars 
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Figure 52: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and individual 
IMAP test result)s for 300ms SOA for the Picture-Picture Interference task with 95% confidence interval error bars 
 
 
TLD and SLI groups by derived TR and FR scores 
 
PWI Task. Mean reaction times by condition, group (TLD and SLI and derived TR and 
FR scores), and stimulus asynchrony for the PWI task are presented in Table 20 and plotted with 
95% confidence interval bars in Figures 53-56.  Mean reaction time differences are presented in 
Table 21 and plotted with 95% confidence interval bars in Figures 57-60. Subjects with TLD and 
atypical derived TR and/or FR scores (1 SD or more poorer than the mean) demonstrated faster 
mean reaction times than the TLD subjects with average TR and FR scores in the unrelated and 
associatively related conditions in the PWI task at all SOAs.  Other conditions revealed less 
consistent results. With onset related interfering words, subjects with atypical TR and/or FR scores 
demonstrated faster mean reaction times at 0ms, +150ms and +300ms SOAs and a longer mean 
reaction times at -150ms. Under the rhyme condition, TLD subjects with atypical TR and/or FR 
scores demonstrated longer mean reaction times at -150ms and 0ms SOAs and faster reaction times 
at +150ms and +300ms SOAs. Finally, with categorically related interfering words, TLD subjects 
with atypical TR and/or FR scores demonstrated faster mean reaction times at 0ms, +150ms and 
+300ms SOAs and a longer mean reaction time at 0ms SOA. For subjects with SLI, those who 
obtained atypical TR and/or  FR scores had longer mean reaction times under all conditions and at 
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all SOAs than those with typical TR and FR scores, except at -150ms SOA with categorically 
related interfering words. At this SOA, SLI subjects with atypical TR and/or FR scores 
demonstrated shorter reaction times than those with typical scores. The contribution of the 
Temporal Resolution and Frequency Resolution scores to reaction time in the PWI task in TLD 
and SLI groups will be discussed in the following multi-level modeling section. Multilevel models 
could not be used to explore reaction time differences in TLD and SLI groups subdivided by 
Temporal Resolution and Frequency Resolution scores because of  small numbers of children in 
the subgroups (subjects with TLD who obtained average TR and FR scores, n = 11;   subjects with 
TLD who obtained TR and FR scores in the atypical range, n = 3; subjects with SLI who obtained 
average TR and FR scores , n = 11; subjects with SLI who obtained TR and FR scores in the 
atypical range, n = 5). 
 
Table 20: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution 
and Frequency Resolution measures), and stimulus asynchrony for the Picture-Word Interference 
task (standard deviation in parentheses) 
 
  Derived Temporal 
and Frequency 
Resolution Scores 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Average 1004.43 1245.34 1167.04 1110.71 
   (400.57) (508.4) (379.02) (500.66) 
  Atypical 959.22 1207.61 1151.67 895.11 
     (325.85) (378.08) (427.11) (357.29) 
 SLI Average 1035.16 1213.13 1209.52 1042.64 
   (414.22) (457.29) (494.92) (477.72) 
  Atypical 1122.54 1347.71 1455.01 1371.08 
      (391.27) (545.15) (558.75) (530.9) 
onset TLD Average 981.05 1247.01 1139.14 1138.78 
   (381.14) (551.39) (464.84) (490.38) 
  Atypical 1011.76 1220.42 1024.28 803.33 
     (372.85) (409.16) (405.11) (315.79) 
 SLI Average 1057.9 1235.29 1186.21 993.82 
   (451.4) (485.89) (552.98) (485.2) 
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  Atypical 1155.73 1276.45 1391.26 1163.05 
      (467.73) (497.87) (569.7) (499.64) 
rhyme TLD Average 955.74 1157.84 1138.25 1069.02 
   (378.71) (488.13) (468.57) (451.81) 
  Atypical 1045.98 1205.69 1016.33 789.43 
   (462.81) (436.84) (348.32) -327.02 
 SLI Average 976.22 1193.28 1198.34 1069.83 
   (427.17) (444.45) (499.52) (487.34) 
  Atypical 1132.41 1333.81 1312.27 1318.21 
      (510.42) (587.11) (563.4) (562.63) 
categorical TLD Average 961.27 1193.03 1152.6 1092.57 
   (364.83) (509.48) (492.35) (485.1) 
  Atypical 945.37 1253.21 1033.18 852.43 
     (309.92) (403.47) (388.02) (338.63) 
 SLI Average 1030.16 1203.7 1096.51 1015.47 
   (409.22) (466.3) (455.24) (545.06) 
  Atypical 960.98 1320.83 1322.41 1365.15 
      (342) (593.1) (601.86) (605.09) 
associate TLD Average 937.94 1200.61 1119.01 1160.09 
   (361.31) (467.52) (388.35) (530.31) 
  Atypical 839.07 1200.57 1103.68 825.07 
     (279.23) (407.56) (387.81) (333.44) 
 SLI Average 975.5 1190.74 1213.82 1074.85 
   (392.2) (459.89) (481.49) (482.51) 
  Atypical 1012.93 1340.07 1352.31 1221.15 
   (375.24) (565.91) (550.35) (578.87) 
 
       
 
 
 
Figure 53: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution) measures for -150ms SOA  for the Picture-Word Interference task with 95% confidence interval error 
bars 
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Figure 54: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution) measures for 0ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
 
 
Figure 55: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution) measures for 150ms SOA for the Picture-Word Interference task with 95% confidence interval error bars 
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Figure 56: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution) measures for 300ms SOA  for the Picture-Word Interference task with 95% confidence interval error bars 
 
 
 
Table 21: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI 
and derived Temporal Resolution and Frequency Resolution measures), and stimulus asynchrony 
for the Picture-Word Interference task (standard deviation in parentheses) 
 
  Derived Temporal     
& Frequency 
Resolution Scores 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
onset TLD Average -14.87 7.84 -14.77 57.44 
   (429.58) (513.57) (490.21) (524.67) 
  Atypical 94.44 7.21 -152.56 -101.92 
     (379.63) (568.44) (416.09) (446.82) 
 SLI Average 42.44 28.74 17.66 -12.61 
   (502.76) (508.03) (575.56) (516.49) 
  Atypical 65.17 18.09 -4.1 -185.93 
      (474.85) (565.04) (562.03) (495.23) 
rhyme TLD Average -51.21 -86.67 -25.32 -25.05 
   (413.42) (537.19) (507.49) (564.34) 
  Atypical 113.96 3.94 -134.88 -86.26 
     (424.05) (515.54) (455.4) (425.83) 
 SLI Average -43.99 10.88 22.36 30.61 
   (466.14) (547.98) (574.48) (553.21) 
  Atypical 17.69 22.4 -110.98 -31.36 
      (556.22) (569.59) (600.31) (578.37) 
categorical TLD Average -29.62 -53.47 -9.73 -11.16 
   (419.56) (510.4) (470.23) (590.27) 
  Atypical 8.26 65.88 -113.11 -45.4 
     (384.67) (492.81) (459.47) (417.11) 
 SLI Average 8.97 14.92 -65.15 -20.32 
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   (488.8) (533.48) (518.15) (595.34) 
  Atypical -148.05 -7.36 -75.22 90.85 
      (404.8) (618.23) (533.08) (601.52) 
associate TLD Average -58.8 -38.94 -46.4 52.38 
   (441.52) (492.43) (463.35) (553.28) 
  Atypical -117.75 -33.85 -44.93 -66.88 
     (380.79) (601.58) (453.84) (387.36) 
 SLI Average -40.1 -4.6 45.55 14.2 
   (503.43) (511) (575.9) (609.77) 
  Atypical -109.85 9.98 -31.65 -102.16 
   (443.91) (610.46) (562.79) (626.77) 
 
 
 
 
 
Figure 57: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for -150ms SOA  for the Picture-Word Interference task 
with 95% confidence interval error bars 
 
 
 
 
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     86 
 
 
Figure 58: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 0ms SOA for the Picture-Word Interference task with 
95% confidence interval error bars 
 
 
 
 
 
 
Figure 59: Mean reaction time difference (Related – Unrelated)  by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 150ms SOA for the Picture-Word Interference task 
with 95% confidence interval error bars 
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Figure 60: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 300ms SOA for the Picture-Word Interference task 
with 95% confidence interval error bars 
 
 
PPI Task. Mean reaction times by condition, group (TLD and SLI and derived TR and FR 
measures), and stimulus asynchrony for the PPI task are presented in Table 22 and plotted with 
95% confidence interval bars in Figures 61-64. Mean reaction time differences are presented in 
Table 23 and plotted with 95% confidence interval bars in Figures 65-68. For both TLD and SLI 
groups, subjects with atypical derived TR and FR scores had longer mean reaction times than those 
with typical derived TR and FR scores, under all conditions and at all SOAs, except with TLD 
subjects at +150ms SOA with categorically related interfering words.  In this condition, TLD 
subjects with atypical derived TR and FR scores demonstrated shorter mean reaction times than 
those with typical scores. The contribution of the Temporal Resolution and Frequency Resolution 
scores to reaction time in the PPI task in TLD and SLI groups will be discussed in the following 
multi-level modeling section. Multilevel models which explored reaction time differences in TLD 
and SLI groups which were divided by Temporal Resolution and Frequency Resolution scores 
could not be run due to small subject numbers (subjects with TLD who obtained average TR and 
FR scores, n = 11;   subjects with TLD who obtained TR and FR scores in the atypical range, n = 
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3; subjects with SLI who obtained average TR and FR scores, n = 11; subjects with SLI who 
obtained TR and FR scores in the atypical range, n = 5). 
 
Table 22: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution 
and Frequency Resolution measures), and stimulus asynchrony for the Picture-Picture 
Interference task (standard deviation in parentheses) 
 
  Derived Temporal & 
Frequency 
Resolution Scores 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
unrelated TLD Average 986.32 1089.14 1032.16 1019.92 
   (363.24) (399.23) (422.01) (482.07) 
  Atypical 1220.55 1164.47 1131.47 1167.76 
     (495.34) (456.25) (467.18) (457.92) 
 SLI Average 1123.26 1186.93 1118.59 1045.65 
   (414) (415.8) (491.93) (397.01) 
  Atypical 1365.21 1401.88 1455.89 1379.95 
      (434.76) (526) (576.54) (629.25) 
onset TLD Average 972.82 1082.07 1054.81 1004.31 
   (375.64) (437.44) (462.95) (512.99) 
  Atypical 1230.51 1261.33 1061.26 1085.12 
     (582.85) (536.06) (429.65) (323.65) 
 SLI Average 1107.29 1200.95 1058.72 995.63 
   (427.11) (489.02) (456.99) (440.91) 
  Atypical 1261.33 1335.25 1370.61 1329.27 
      (552.56) (522.48) (632.23) (673.03) 
rhyme TLD Average 973.24 1093.71 1072.13 1001.51 
   (407.35) (401.06) (509.53) (442.18) 
  Atypical 1424 1252.18 1196.98 1268.02 
     (564.93) (522.9) (517.11) (522.9) 
 SLI Average 1137.47 1201.78 1094.25 1034.68 
   (466.89) (492.33) (469.44) (423.78) 
  Atypical 1246.59 1363.61 1283.59 1401.78 
      (452.07) (480.23) (602.43) (672.31) 
categorical TLD Average 1008.59 1022.46 1057.16 972.44 
   (403.21) (302.8) (438.07) (460.63) 
  Atypical 1239.92 1157.95 1047.81 1113.57 
     (524.84) (412.7) (384.81) (418.44) 
 SLI Average 1143.43 1194.89 1097.13 1048.35 
   (408.25) (422.92) (490.13) (446.58) 
  Atypical 1283.5 1288.12 1268.95 1451.46 
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     89 
      (458.96) (489.4) (617.39) (733.73) 
associate TLD Average 982.8 1070.16 1100.73 1040.72 
   (420.5) (392.81) (465.81) (480.75) 
  Atypical 1259.85 1283.55 1264.14 1319.15 
     (523.59) (474.51) (473.61) (511.21) 
 SLI Average 1116.39 1239.53 1202.34 1016.48 
   (404.67) (457.62) (549.61) (368.64) 
  Atypical 1396.78 1543.36 1417.12 1304.31 
   (514.95) (645.07) (609.69) (585.47) 
 
 
 
 
 
Figure 61: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution measures) for -150ms SOA  for the Picture-Picture Interference task with 95% confidence interval error 
bars 
 
 
 
 
 
Figure 62: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution measures) for 0ms SOA for the Picture-Picture Interference task with 95% confidence interval error bars 
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Figure 63: Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution measures) for 150ms SOA for the Picture-Picture Interference task with 95% confidence interval error 
bars 
 
 
 
 
 
Figure 64. Mean reaction time by condition, group (TLD and SLI and derived Temporal Resolution and Frequency 
Resolution measures) for 300ms SOA for the Picture-Picture Interference task with 95% confidence interval error 
bars 
 
 
 
Table 23: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI 
and derived Temporal Resolution and Frequency Resolution measures), and stimulus asynchrony 
for the Picture-Picture Interference task (standard deviation in parentheses) 
 
  Derived Temporal 
& Frequency 
Resolution Score 
SOA 
Condition Group -150ms 0ms 150ms 300ms 
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onset TLD Average -3.2 -4.65 35.74 -6.43 
   (411.3) (449.88) (465.6) (528.65) 
  Atypical 6.83 83.32 -70.29 -108.78 
     (536.88) (432.64) (493.14) (521.32) 
 SLI Average 12.01 17.1 -15.15 -33.7 
   (450.34) (551.36) (505.93) (521.15) 
  Atypical -18.09 -50.43 -87.34 1.09 
      (519.66) (658.51) (668.55) (717.54) 
rhyme TLD Average 4.99 21.54 71.8 -5.88 
   (446.4) (417.56) (501.75) (426.64) 
  Atypical 184.58 91.33 54.35 106.57 
     (662.32) (517.57) (572.8) (713.94) 
 SLI Average 35.32 32.36 25.13 -3.27 
   (491.1) (500.29) (448.16) (518.33) 
  Atypical -94.73 -36.46 -117.93 70.72 
      (557.47) (608.89) (587.92) (744.62) 
categorical TLD Average 42.43 -53.84 47.03 -22.49 
   (413.97) (396.22) (438.56) (494.85) 
  Atypical 115.45 18.15 -63.76 4.88 
     (487.64) (424.57) (455.18) (650.78) 
 SLI Average 41.76 46.23 28.55 24.91 
   (474.57) (546.01) (579.74) (503.75) 
  Atypical -56.32 -53.46 -201.91 85.26 
      (574.32) (640.95) (723.64) (741.64) 
associate TLD Average 16.68 -1.42 103.53 33.8 
   (458.02) (411.64) (459.72) (505.62) 
  Atypical 41.94 111.48 115.28 151.24 
     (606.67) (415.24) (565.67) (589.96) 
 SLI Average 0.44 94.62 159.92 12.73 
   (494.12) (449.8) (534.46) (451.06) 
  Atypical 5.14 139.86 -26.84 -34.94 
   (607.59) (762.25) (657.6) (719.16) 
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Figure 65: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for -150ms SOA  for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
 
 
 
 
 
Figure 66: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 0ms SOA for the Picture-Picture Interference task with 
95% confidence interval error bars 
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Figure 67: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 150ms SOA for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
 
 
 
 
 
Figure 68: Mean reaction time difference (Related – Unrelated) by condition, group (TLD and SLI and derived 
Temporal Resolution and Frequency Resolution measures) for 300ms SOA for the Picture-Picture Interference task 
with 95% confidence interval error bars 
 
Linear Mixed-Effects Models  
 Reaction Time. To analyze the participant reaction time data statistically, mixed effects 
linear regression models were applied using the R software package, version 3.2.1 (R Development 
Core Team, 2010) and the lme4 package (Bates, Maechler & Bolker, 2012) and nloptr package 
(Johnson, n.d.).  Participant reaction times were first modeled across task and group, then to 
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explore each task and group, reaction times were modeled by task across group, and then by task 
and by group, and lastly by task, by group, and by SOA.  
The influence of psychoacoustic, cognitive, and language measures on reaction time across 
stimulus onset asynchrony and condition was explored. To explore the effect of age on reaction 
time, we entered participant age as a fixed effect in the maximal model. To explore the effect of 
language and cognitive status, scores from the CELF-4/CELF-5 core, Peabody Picture Vocabulary 
Test-4, Test of Word Finding-2, and Test of Non-Verbal Intelligence-4 were entered as fixed 
effects in the maximal model. To explore the effect of auditory processing on reaction time, scores 
from the SCAN 3:C (i.e., Gap Detection subtest, Auditory Figure Ground subtest and Competing 
Words Free Recall subtest), the Frequency Discrimination task scores from the IMAP test battery 
and the derived scores from the IMAP test battery (Temporal Resolution and Frequency 
Resolution) were entered as fixed effects in the maximal model. Due to co-linearity issues, 
backward masking, backward masking with 50ms gap, simultaneous masking and simultaneous 
masking with notch scores could not be entered into the fixed model. To explore the effect of 
visual attention, reactions times on the vigilance sub-task, simple distractor sub-task, and inhibition 
sub-task were averaged by participant and entered into the model fixed effects. This study’s focus 
was to examine the effect of condition (unrelated vs. related), group (individuals with Specific 
Language Impairment vs. individuals with Typical Language Development), and stimulus onset 
asynchrony, the various two-way interactions, and the three-way interactions between the three 
variables. These were all entered as fixed effects in the maximal model. Lastly, to explore the 
effect of experimental design related issues, the order the participant was exposed to the different 
stimulus onset asynchronies, the interaction of order of presentation and stimulus onset 
asynchrony, the order that a participant was given a task (picture-picture interference task before 
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or after picture-word interference task), the task itself (whether it was the picture-picture 
interference task or the picture-word interference task), and the interaction of the task and the order 
a participant took the task were all entered as fixed effects in the maximal model. The random 
effects were intercepts for participant and item. We fit by-participant random slopes for condition, 
and SOA, and by-item random slopes for condition, SOA, and participant group. Non-convergence 
of a model led to a reduction of the random effects structure when needed.  
Using a backwards elimination procedure for all the possible variables, a maximal model 
was first fit to the data, then predictors with the t-score closest to zero and the highest p-value per 
model were removed and potential significant changes to the fit of the model were tested. P-values 
for the t-values in each model were obtained using the Satterthwaite approximations for degrees 
of freedom implemented in the lmerTest package (Kuznetsova, Bruun Brockhoff, & Haubo 
Bojesen Christensen, 2015). Only predictors that led to a significant improvement in the fit of the 
model were retained, such that the best fit model was achieved. P-values for the fit of a model 
were obtained by likelihood ratio tests of the full model with the effect in question against the 
model without the effect in question. P-values and χ2-values for each factor in the final model were 
obtained by removing the factor performing likelihood ratio tests of the full model and a model 
without the factor in question. For effects that were part of a significant higher-level interaction, 
p-values and χ2-values are only given for the interaction. For each factor and interaction that was 
not retained in the final model, p-values and χ2-values for each factor were obtained by performing 
likelihood ratio tests of the full model and a model with the factor in question.  
Twenty-three models were run as illustrated in Appendix H through Appendix V. The 
models were designed in order to identify contributions to reaction time across tasks; contributions 
to reaction time in each task, across groups; contributions  to reaction time  in each task, in each 
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group, across SOA; and contributions to reaction time in each task, in each group and at each SOA. 
In these appendices, two tables for each model are presented. The first table for each model  shows 
the fixed effects from the best fitting mixed-effects linear regression model fitted to participant 
reaction times and the significance level. The second table for each model shows the fixed effects 
that were not a part of the best fitting model and their significance. The positive coefficient for the 
main effects and/or interactions reflects an increase in milliseconds in reaction time. For 
continuous variables, the coefficient represents the change in reaction time associated with a one 
unit change in the predictor. For categorical variables, the coefficient represents the change in 
reaction time associated with a change from the reference category to the category listed in 
parentheses. For example, condition (onset) means that the coefficient represented the difference 
in reaction time between the unrelated condition (the reference category) and the onset condition. 
The best fitting linear mixed model fit by maximum likelihood to reaction time for the PWI 
task for each stimulus onset asynchrony demonstrated significant findings only at -150ms SOA in 
both groups. For the PPI task, significant findings were observed only at +150ms SOA in both 
groups.  These findings are demonstrated in Table 24 below. 
 
Table 24: SOA significance for PWI and PPI tasks in TLD and SLI groups. (√ = contributed to the fit of the model) 
PWI PWI PPI PPI 
TLD SLI TLD SLI 
-150   0 +150 +300  -150  0  +150  +300  -150  0  +150  +300  -150  0  +150  +300 
  √            √                    √         
 
   √     
 
 
Unstandardized coefficient values for the PWI task at -150ms SOA in both groups are 
displayed in Table 25 and illustrated in Figure 69. Coefficient values represent reaction time 
difference values for each interfering word type. Negative values represent facilitation and positive 
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values represent inhibition. In typically developing subjects at -150ms SOA, facilitation was 
observed with all IW types. There was a small amount of facilitation with onset related IWs and 
greater amounts of facilitation with rhyme and  categorically related IWs, with the greatest amount 
of facilitation observed with associatively related IWs. In the subjects with SLI, a similar trend 
was observed. However, in SLI subjects, onset related IWs were inhibitory at -150ms SOA. Rhyme 
and categorically related IWs were facilitatory and, again, the greatest amount of facilitation was 
observed with associatively related IWs.  With rhyme and categorically related IW, SLI subjects 
demonstrated greater amounts of facilitation than TLD subjects and with associatively related IWs, 
TLD subjects demonstrated greater amounts of facilitation than SLI subjects. 
 
Table 25: Unstandardized coefficients at significant SOA for PWI task both TLD and SLI groups. 
 
 
 
 
 
PWI  
TLD at -150ms 
SOA 
SLI at -150ms 
SOA 
onset -2.9 
 
34.8 
rhyme -21.22 
 
-30.45 
categorical -27.48 -39.54 
associate -83.01 -71.64 
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Figure 69: Unstandardized Coefficients in TLD and SLI groups for onset, rhyme, categorical and associative related interfering 
words at -150ms SOA in the PWI task. 
 
     In the PPI task, typically developing children demonstrated inhibition at +150ms SOA in 
response to all word types and children with SLI demonstrated facilitation in response to onset, 
rhyme and categorically related IWs. In response to associatively related words, subjects with SLI 
demonstrated inhibition at +150ms SOA. These results are illustrated in Table 26 and Figure 70. 
For TLD subjects, the greatest amount of inhibition is seen with associatively related IWs, 
followed by rhyme then onset IWs. The least amount of inhibition at +150ms SOA is seen with 
categorically related IW in the TLD subjects. In children with SLI, the greatest amount of 
facilitation is seen in response to onset related interfering words, followed by rhyme related words 
and lastly by categorically related IWs. For associatively related IWs, which resulted in inhibition 
in both TLD and SLI groups, there was a greater amount of inhibition in the TLD group than in 
the SLI group. 
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Table 26: Unstandardized coefficients at significant SOA for PPI task for TLD and SLI groups. 
 
 
 
 
 
 
 
 
 
 
 
Figure 70: Unstandardized Coefficients in TLD and SLI groups for onset, rhyme, categorical and associate related interfering 
words at +150ms SOA in the PPI task. 
 
Mean reaction time difference by SOA by word type. In the PWI task, the simultaneous 
(0ms) and late (+150ms, +300ms) SOA conditions did not significantly improve the fit of the linear 
mixed effects model and were not retained in the final model. Therefore, in order to describe 
patterns of facilitation and inhibition at these SOAs, mean reaction time differences (Related – 
Unrelated), which were displayed in Table 8 and Figures 10, 11, and 12 were examined and 
repeated here in Tables 27, 28 and 29 and Figures 71-73.  In the PPI task, condition did not improve 
PPI  
TLD at +150ms 
SOA 
SLI at +150ms 
SOA 
onset 24.88 -40.64 
rhyme 64.34 -34.36 
categorical 20.11 -32.26 
associate 103.2 95.97 
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the fit of the linear mixed effects model at -150ms, 0ms and +300ms SOA. At those SOAs, mean 
reaction time differences, previously listed in Table 11, and displayed in Figures 17, 18 and 20 and 
again displayed in Tables 30, 31, and 32 and Figures 74-76 will be used to describe patterns of 
facilitation and inhibition.  Mean reaction time difference values do not represent a value that is 
identical to the unstandardized coefficients at -150ms SOA listed in Table 25 for the PWI task and 
at +150ms SOA listed in Table 26 for the PPI Task.  These unstandardized coefficients were 
obtained at SOAs where condition did significantly improve the fit of the model and were therefore 
retained in the model. The unstandardized coefficients represent the unique contribution of word 
type to reaction time at that particular SOA, having controlled for all other variables. Mean reaction 
time difference values represent the difference between the reaction time for the related condition 
and the unrelated condition for each word type, without controlling for all other variables.  At the 
SOAs where condition did not contribute to the fit of the model, t-tests were used to determine if 
the  reaction time differences between the related and unrelated conditions were statistically 
significant. The following discussion reports the statistical significance of the reaction time 
difference values at 0ms, +150ms and +300ms SOA in  the PWI task and at -150ms, 0ms and 
+300ms SOA in the PPI task. Statistical significance at the p < .05 level was obtained only for 
associate related words in the PPI task at 0ms SOA for children with SLI. All other reaction time 
difference values did not reach that level of statistical significance. The remaining reaction time 
difference values are therefore discussed as trends in the patterns of facilitation and inhibition in 
the PWI and PPI tasks. A comparison of the patterns of facilitation and inhibition within groups 
across PWI and PPI tasks at each SOA for each word type is included in the Discussion section.  
 PWI Task. To explore significant differences between reaction times of related word types 
and unrelated word types on the Picture-Word Inference task,  t-tests with a Holm-Bonferroni 
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correction were run. In the PWI task, at 0ms, +150ms and +300ms SOA none of the reaction time 
difference values reached statistical significance.  For typically developing children, at 0ms SOA,  
there was no significant difference between onset words reaction times and unrelated words 
reaction times (t(269) = -0.24053, p = .99, r = .02), rhyme words reaction times and unrelated 
words reaction times (t(274) = 2.10, p = .15, r = .13), associated words reaction times and unrelated 
words reaction times (t(271) = 1.21, p = .91, r = .07), and categorical words reaction times and 
unrelated words reaction times (t(269) = 0.90, p = .99, r = .06).  For children with SLI at 0ms SOA, 
there was no significant difference between onset words reaction times and unrelated words 
reaction times (t(287) = -0.83, p = .99, r = .05), rhyme words reaction times and unrelated words 
reaction times (t(303) = -0.45, p = .99, r = .03), categorical words reaction times and unrelated 
words reaction times (t(279) = -0.25, p = .99 r = .02), and associated words reaction times and 
unrelated words reaction times (t(310) = 0.005, p = .99, r = .00). 
 At +150ms in typically developing children, there was no significant difference between 
onset words reaction times and unrelated words reaction times (t(262) = 1.46, p = .58, r = .09), 
rhyme words reaction times and unrelated words reaction times (t(256) = 1.57, p = .47, r = .10), 
associated words reaction times and unrelated words reaction times (t(267) = 1.09, p = .99, r = 
.07), and categorical words reaction times and unrelated words reaction times (t(267) = 1.09, p = 
.39, r = .07).  In children with SLI, there was no significant difference between onset words reaction 
times and unrelated words reaction times (t(291) = -0.35, p = .99, r = .02), rhyme words reaction 
times and unrelated words reaction times (t(293) = 0.49, p = .99, r = .03), categorical words 
reaction times and unrelated words reaction times (t(289) = 2.23, p = .11, r = .13), and associated 
words reaction times and unrelated words reaction times (t(292) = -0.68, p = .99, r = .04). 
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 At +300ms SOA, in typically developing children, there was no significant difference 
between onset words reaction times and unrelated words reaction times (t(275) = -0.79, p = .99, r 
= .05), rhyme words reaction times and unrelated words reaction times (t(263) = 1.15, p = .99, r = 
.07), associated words reaction times and unrelated words reaction times (t(271) = 0.54, p = .99, r 
= .03), and categorical words reaction times and unrelated words reaction times (t(272) = -0.87, p 
= .99, r = .05).  In children with SLI, at +300ms SOA, there was no significant difference between 
onset words reaction times and unrelated words reaction times (t(288) = 1.90, p = .23, r = .11), 
rhyme words reaction times and unrelated words reaction times (t(298) = -0.37, p = .99 = .02), 
categorical words reaction times and unrelated words reaction times (t(286) = -0.25, p = .99 r = 
.02), and associated words reaction times and unrelated words reaction times (t(285) = 0.53, p = 
.99, r = .03). 
Although these values were not found to be significant, the reaction time trends at 0ms 
SOA demonstrated onset related inhibition in children with TLD and SLI, with a greater amount 
observed in the children with SLI.  Trends at +150ms SOA revealed  onset related facilitation in 
typically developing children and onset related inhibition in children with SLI.  At +300ms SOA, 
there was a trend in  late onset related inhibition  in children with TLD.  In contrast, trends 
demonstrated  onset related facilitation at +300ms SOA in children with SLI.  When rhymes were 
used as interfering words, children with TLD demonstrated trends in facilitation at 0ms, +150ms 
and +300ms SOA with the greatest amount of facilitation at 0ms, less at +150ms and even less at 
+300ms SOA.  Children with SLI, however, demonstrated trends in rhyme related facilitation at 
+150ms SOA and rhyme related inhibition at 0ms and +300ms SOA.  A similar pattern was 
observed with categorically related interfering words.  Children with TLD demonstrated trends in 
categorical facilitation at 0ms, +150ms and +300ms SOA.  Children with SLI demonstrated trends 
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in categorical facilitation at +150ms and a minimal amount of categorical inhibition at 0ms, and 
+300ms SOA.  Finally, when associate related words were used as interfering words, children with 
TLD demonstrated trends in facilitation at 0ms and +150ms SOA and trends in inhibition at 
+300ms SOA.  Trends for children with SLI demonstrated a minimal amount of associate related 
facilitation at 0ms SOA, associate related inhibition at +150ms SOA and late associate related 
facilitation at +300ms SOA. 
   
Table 27: Mean Reaction Time difference at 0ms SOA in the PWI task in TLD and SLI Groups 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 71: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associative related interfering words at 0ms SOA in the PWI task  
 
 
 
 
PWI  
TLD at 0ms SOA SLI at 0ms SOA 
onset 7.69 25.71 
rhyme -67.56 14.44 
categorical -27.83 8.31 
associate -37.85 -0.15 
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Table 28: Mean Reaction Time Difference at +150ms SOA in the PWI task in TLD and SLI Groups 
 
 
 
 
 
 
 
 
 
 
Figure 72: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associative related interfering words at +150 SOA in the PWI task. 
 
 
 
 
Table 29: Mean Reaction Time Difference at +300ms SOA in the PWI task in TLD and SLI groups 
 
 
 
 
 
 
 
 
 
PWI  
TLD at +150ms 
SOA 
SLI at +150ms 
SOA 
onset -43.06 11.55 
rhyme -48.77 -16.65 
categorical -31.33 -68.20 
associate -46.07 22.63 
PWI  
TLD at +300ms 
SOA 
SLI at +300ms 
SOA 
onset 24.53 -57.59 
rhyme -38.04 11.96 
categorical -18.21 8.73 
associate 27.48 -19.16 
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Figure 73: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associate related interfering words at +300 SOA in the PWI task. 
 
 
PPI Task. In the PPI task at -150ms SOA,  for typically developing children, there was no 
significant difference between onset words reaction times and unrelated words reaction times 
(t(196) = 0.03, p = .99, r = .002), rhyme words reaction times and unrelated words reaction times 
(t(187) = -1.13, p = .99, r = .08), categorical words reaction times and unrelated word reaction 
times (t(190) = -1.84, p = .27, r = .13), and associated words reaction times and unrelated word 
reaction times (t(202) = -0.65, p = .99, r = .05). For children with SLI at -150ms SOA, there was 
no significant difference between onset words reaction times and unrelated words reaction times 
(t(191) = -0.13, p = .99, r = .01), rhyme words reaction times and unrelated words reaction times 
(t(198) = -0.09, p = .99,  r= .01), categorical words reaction times and unrelated words reaction 
times (t(195) = -0.50, p = .99, r = .04), and associated words reaction times and unrelated words 
reaction times (t(209) = -0.04, p =.99, r = .003). 
 At 0ms SOA in the PPI task, there was no significant difference between onset words 
reaction times and unrelated words reaction times (t(191) = -0.47, p = .99, r = .03), rhyme words 
reaction times and unrelated words reaction times (t(204) = -1.19, p = .95, r = .08), categorical 
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words reaction times and unrelated words reaction times (t(199) = 1.36, p = .70, r = .10), and 
associated words reaction times and unrelated words reaction times (t(198) = -0.76, p = .99, r=.05) 
for typically developing children. For children with SLI, there was a significant difference between 
associated words and unrelated words, t(217) = -2.85, p < .05, r = .19. There was no significant 
difference between onset words reaction times and unrelated words reaction times (t(200) = 0.62, 
p = .99, r = .001), rhyme words reaction times and unrelated words reaction times (t(197) = -0.26, 
p = .99, r = .02), and categorical words reaction times and unrelated words reaction times (t(204) 
= -0.54, p = .99, r = .04). 
 At the late SOA of +300ms, in typically developing children, there was no significant 
difference between onset words reaction times and unrelated words reaction times (t(193) = 0.74, 
p = .99, r = .05), rhyme words reaction times and unrelated word reaction times (t(187) = -0.52, p 
= .99, r = .04), categorical words reaction times and unrelated word reaction times (t(201) = 0.45, 
p = .99, r = .03), and associated words reaction times and unrelated word reaction times (t(219) = 
-1.66, p =.39, r = .11).  For children with SLI at +300ms SOA, there was no significant difference 
between onset words reaction times and unrelated words reaction times (t(230) = 0.62, p = .99, r = 
.04), rhyme words reaction times and unrelated words reaction times (t(223) = -0.47, p = .99, r 
=.03), categorical words reaction times and unrelated words reaction times (t(212) =  -1.07, p = 
.99, r = .07), and associated words reaction times and unrelated words reaction times (t(217) = 
0.05, p = .99, r = .004). 
Again, although only one reaction time difference value was found to be significant 
through the t-tests, (associate related interference at 0ms SOA in children with SLI), trends at each 
SOA, and for each word type will be discussed for the PPI task. At -150ms SOA,  trends 
demonstrated a minimal amount of onset related facilitation for children with TLD and a minimal 
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amount of onset related inhibition for children with SLI. At 0ms SOA, trends demonstrated onset 
related inhibition for children with TLD and minimal onset related facilitation for children with 
SLI. Finally, at the late SOA of +300ms, trends in both groups demonstrated onset related 
facilitation.  When rhymes were used as interfering words,  trends demonstrated inhibition at -
150ms, 0ms and +300ms SOA, in both groups, however, the inhibition in the children with SLI at 
-150ms SOA was minimal.  Trends for categorical related interfering words demonstrated 
inhibition for both groups at -150ms SOA.  At 0ms SOA, trends demonstrated categorical related 
facilitation for children with TLD and categorical related inhibition for children with SLI.  At 
+300ms SOA, trends demonstrated categorical related facilitation for children with TLD and 
categorical related inhibition for children with SLI.  With associate related interfering words, 
trends revealed all children demonstrated inhibition at -150ms and 0ms SOA for both groups. 
However, results of the t-tests indicated that at 0ms SOA for children with SLI, this finding was 
statistically significant and the inhibition at -150ms SOA in children with SLI was minimal. Trends 
continued to demonstrate associate related inhibition at +300ms SOA for children with TLD,   but 
demonstrated a minimal amount of facilitation at +300ms SOA for children with SLI.  
 
Table 30: Mean Reaction Time Difference at -150ms SOA in the PPI task in TLD and SLI groups 
 
 
 
 
 
 
 
PPI  
TLD at -150ms 
SOA 
SLI at-150ms 
SOA 
onset -1.01 4.33 
rhyme 41.29 3.30 
categorical 57.34 17.74 
associate 22.4 1.58 
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Figure 74: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associate related interfering words at -150ms SOA in the PPI task. 
 
 
 
Table 31: Mean Reaction Time Difference at 0ms SOA in the PPI task in TLD and SLI groups 
 
 
 
 
 
 
 
 
 
 
 
PPI  
TLD at 0ms SOA SLI at 0ms SOA 
onset 15.05 -0.38 
rhyme 36.52 10.12 
categorical -38.72 21.43 
associate 22.4 107.90 
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Figure 75: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associate related interfering words at 0ms SOA in the PPI task. 
 
 
 
Table 32: Mean Reaction Time Difference at +300ms SOA in the PPI task in TLD and SLI groups 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 76: Mean Reaction Time difference with 95% confidence interval error bars in TLD and SLI groups for onset, rhyme, 
categorical and associate related interfering words at +300ms SOA in the PPI task. 
PPI  
TLD at +300ms 
SOA 
SLI at +300ms 
SOA 
onset -28.06 -23.76 
rhyme 19.25 18.86 
categorical -16.8 42.76 
associate 58.89 -1.92 
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Factors Contributing to Reaction Time across SOA  in the PWI and PPI tasks 
 The psychoacoustic, cognitive, and language variables that contributed to reaction time 
across SOA in the PWI and PPI tasks are listed and checked in Tables 33 and 34. In the PWI task 
the following factors contributed to the reaction time in typically developing children: age, 
pass/fail status of the 3 subtests of the SCAN 3:C, Frequency Discrimination score, Temporal 
Resolution score, Frequency Resolution score, scores on the CELF Core Language, PPVT-4, 
TOWF-2, TONI-4 and average visual interference reaction time. In children with Specific 
Language Impairment, the following factors contributed to reaction time in the PWI task: pass/fail 
status of the Gap Detection subtest of the SCAN 3:C, Temporal Resolution score, Frequency 
Resolution score, and the scores on the PPVT-4, TOWF-2, and TONI-4.   
For the PPI task, the following variables contributed to reaction time results  in Typically 
Developing children: age, pass/fail status of the three subtests of the SCAN 3:C, Frequency 
Discrimination score, Temporal Resolution score, Frequency Resolution score, scores on the 
CELF Core Language, PPVT-4, TOWF-2, TONI-4, and average visual interference reaction time.  
In children with Specific Language Impairment, the following factors contributed to reaction time 
in the PPI task: age, pass/fail status of the Gap Detection and Competing Words Free Recall 
subtests of the SCAN 3:C, Frequency Discrimination score, and scores on the PPVT-4, TOWF-2, 
and TONI-4. 
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Table 33. Factors that contribute to Reaction Time in the PWI task in TLD and SLI groups. 
 
TLD SLI 
Age √  
Gap Detection √ √ 
Auditory Figure Ground +8 √  
Competing Words Free Recall √  
Frequency Discrimination √  
Temporal Resolution √ √ 
Frequency Resolution √ √ 
CELF Core √  
TONI-4 √ √ 
PPVT-4 √ √ 
TOWF-2 √ √ 
Visual Interference √  
   
 
 
Table 34. Factors that contribute to Reaction Time in the PPI task in TLD and SLI groups.  
 
TLD SLI 
Age √ √ 
Gap Detection √ √ 
Auditory Figure Ground +8 √  
Competing Words Free Recall √ √ 
Frequency Discrimination √ √ 
Temporal Resolution √  
Frequency Resolution √  
CELF Core √  
TONI-4 √ √ 
PPVT-4 √ √ 
TOWF-2 √ √ 
Visual Interference √  
 
DISCUSSION 
The purpose of this study was to investigate the relationship between auditory processing 
abilities and underlying lexical architecture in children with SLI.  These relationships were 
explored by examining the time course of semantic and phonological inhibition and facilitation 
during lexical access in children with SLI and with  auditory processing deficits. Multilevel 
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modeling was used to identify variables which significantly predicted patterns of facilitation and 
inhibition during word production in PWI and PPI tasks. Of particular interest was the significance 
of various psychoacoustic and auditory processing measures to reaction time during picture 
naming. 
Auditory Processing Test Battery 
The  auditory processing and psychoacoustic test batteries in this study yielded findings 
regarding the children in both groups as well as their performance on the experimental tasks. Of 
the 16 children with SLI who participated in this study, all of them scored below the normal range 
on either the SCAN 3:C, a commonly used screening test for Auditory Processing Disorder and/or 
one or more of the psychoacoustic IMAP tests. These findings are consistant with the literature 
which has demonstrated that a substantial portion of children with SLI also have auditory 
processing deficits (Miller & Wagstaff, 2011). Of the 14 children with TLD, 11 (79%) had below 
average scores on one or both of these tests as well.  Previous research has also demonstrated that 
many typically developing children have deficits in auditory processing (Bishop et al., 1999).  In 
both SLI and TLD groups, more subjects failed the SCAN 3:C screening test (13 SLI; 7 TLD), 
than performed in the below average range on the IMAP tests (10 SLI; 5 TLD).  On the SCAN 
3:C test, in both TLD and SLI groups the highest percentage of subjects failed the Auditory Figure 
Ground subtest, followed by the Competing Words Free Recall subtest and the smallest percentage 
of subjects in both groups failed the Gap Detection subtest. Although the subjects in this study 
were not questioned about their listening and auditory processing abilities in particular, it is 
noteworthy that both the SLI and TLD subjects exhibited a similar pattern of SCAN 3:C results 
and that such a high proportion of typically developing children presented with atypical 
performance on this measure of auditory processing. These results call into question the value of 
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the SCAN 3:C as a screening for auditory processing. Although the test-retest reliability range for 
the SCAN 3:C screening test is .83 -.90, the sensitivity and specificity associated with  the cut off 
score applied in this study  (< 7), is .63 and .53 respectively. The high percentage of the typically 
developing children who did not pass the SCAN 3:C in this study (50%) may reflect the low 
specificity of this screening test. It should not be used for clinical purposes. 
On the IMAP tests, significant differences between typically developing children and 
children with SLI were found on the Simultaneous Masking task, consistent with results reported 
by Rosen et al. (2009). Differences between groups approached significance on the Frequency 
Discrimination task. Greater frequency discrimination thresholds in children with SLI, compared 
to children with TLD is consistent with the literature (Mengler, 2005).  Results of the derived TR 
and FR scores, which represent “bottom-up” perceptual processing,  revealed that 5 of the 16 SLI 
and 3 of the 14 TLD subjects scored 1 or more standard deviations poorer than the mean in one or 
both of these measures.  Differences between the groups in the TR and FR scores did not reach 
significance and  the proportion of children in both groups who had “atypical” derived scores was 
somewhat similar (31% in SLI group and 21% in TLD group). These findings are consistent with 
findings of Bishop et al., (1999) who also identified typically developing control children with 
weak auditory temporal processing skills and normal language abilities.  
Interference 
Because the PWI and PPI tasks involve visual identification of a picture, and for the PPI 
task subjects must ignore a superimposed picture, a baseline measure of visual interference was 
obtained for both groups. In the vigilance task, where there was no competing visual interference, 
mean reaction times were not significantly different between the typically developing children and 
the children with SLI, similar to findings reported by Marton, Campanelli, Scheuer, Yoon & 
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Eichorn  (2012). However, when an interfering, competing visual stimulus was introduced in the 
simple interference subtest and the inhibition subtest, the children with SLI demonstrated longer 
mean reaction times than typically developing children.  Seiger-Gardner & Schwart (2008) 
demonstrated similar findings for picture naming. During their task, typically developing children 
and children with SLI did not differ in picture naming latencies under a silent condition. However, 
when an auditory distractor was introduced, children with SLI had slower naming latencies than 
children with TLD. Taken together, these findings suggest that the presence of an interfering item, 
whether auditory or visual, results in greater slowing of  processing for children with SLI compared 
to typically developing children. The greater competition from the interference results in slower 
processing speeds and and is reflected by longer reaction times.  
Reaction Times 
Children with SLI respond more slowly than typically developing children in linguistic and 
nonlinguistic tasks (Miller, Kail, Leonard & Tomblin, 2001) and also demonstrate difficulty 
suppressing irrelevant information (Marton, Campanelli, Eichorn, Scheuer & Yoon, 2014.) It was 
therefore predicted that children with SLI would be slower in picture naming than children with 
TLD  under all experimental conditions in both the PWI and PPI tasks. In fact, children with SLI 
did demonstrate longer mean reaction times in all conditions and at all SOAs than their typically 
developing peers in both the PWI and PPI tasks with only one exception in the PWI task at +300ms 
SOA with onset related IWs. In both groups of children, reaction times were longer in the PPI task 
than the PWI task with all interfering word types at the early (-150ms) SOA.  Children were slower 
naming a picture when an interfering picture was presented before the target picture rather than 
when an auditory word was presented before the target. However, at the other SOAs (0ms, 
+150ms, +300ms) the trend was in the opposite direction.   Most mean reaction times at these 
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SOAs, with a few exceptions,  were longer in the PWI task than in the PPI task, demonstrating that 
an auditory word, presented simultaneously or after the target picture, resulted in slower picture 
naming in both groups of children.   
In order to further investigate associations between auditory processing status and 
underlying lexical architecture, subjects were divided in four different ways. Groups were initially 
divided into SLI and TLD groups. Each SLI and TLD group was then subdivided by pass/fail 
status of the SCAN 3:C, average or “atypical” results on one or more IMAP test and average or 
“atypical’ derived TR and/or FR scores. Due to small subject numbers, however, reaction time 
differences in these subgroups could not be entered into the modeling and patterns of facilitation 
and inhibition in these subgroups could not be directly observed. Therefore, hypotheses related to 
patterns of facilitation and inhibition in these subgroups could only be addressed descriptively. 
Performance in these subgroups are described in terms of reaction time trends.  
It was hypothesized that in both tasks, reaction time results for typically developing 
children and children with SLI who performed more poorly on the SCAN 3:C and in the individual 
IMAP tests would demonstrate a trend for longer mean reaction times than those who passed the 
SCAN 3:C and/or obtained “typical” IMAP scores. For the most part this was the case. In the PWI 
task, all children who failed the SCAN 3:C and had atypical IMAP scores presented with longer 
mean  reaction times than those who passed the SCAN 3:C and had typical IMAP scores. In the 
PPI task, children with SLI and TLD  who had “atypical” results on the IMAP tests had longer 
mean reaction times than children who had “typical” IMAP test scores.   Typically developing 
children who failed the SCAN 3:C also demonstrated longer mean reaction times in the PPI task, 
than typically developing children who passed the SCAN 3:C.   However, for children with SLI 
who performed more poorly on the SCAN 3:C, this trend was reversed. Children with SLI who 
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passed the SCAN 3:C had longer mean reaction times in the PPI task, than those who failed. SCAN 
3:C results and IMAP test results can be influenced by attention and memory (Dawes & Bishop, 
2007; Moore et al, 2010). It is likely that attentional factors, including sustained and selective 
attention,  contributed to both poorer performance on the two auditory processing measures and 
longer reaction times on the PWI task for both groups and longer reaction times on the PPI task 
for the typically developing children 
For subjects who demonstrated poorer “bottom-up” auditory processing abilities with 
below average TR and FR scores, trends were not the same in the  PWI and PPI tasks. In the PWI 
task, reaction time results did not demonstrate a consistent pattern.  In the PPI task, however, 
results continued to demonstrate longer reaction times in subjects who had poorer TR and FR 
scores than those whose scores were “typical.”      
Patterns of Inhibition and Facilitation in the PWI task at Significant SOA 
Reaction times were analyzed statistically by applying mixed effects linear regression 
models. Results demonstrated significant effects early (-150ms SOA) in the lexical activation 
process in the PWI task in both groups. For the children with TLD, all word types were facilitatory 
in nature at -150ms SOA in the PWI task.   Onset related IWs resulted in a small amount of 
facilitation (-2.9ms) followed by rhyme related (-21.22ms) and  categorically related (-27.48ms) 
IWs. Associatively related IWs resulted in the greatest amount of facilitation (-83.01) for typically 
developing children in the PWI task.  In the children with SLI,  facilitation was observed with 
rhyme related (-30.45ms) , categorical related (-39.54ms) and associative related (-71.64ms) IWs 
early in the lexical activation process. With onset related IWs, children with SLI demonstrated 
early inhibition (+34.8ms) in the PWI task.  Previous results have demonstrated early onset and 
categorical inhibition in children with TLD and SLI  (Seiger-Gardner & Schwartz, 2007). It was 
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hypothesized that the patterns of facilitation and inhibition for the PWI task would be similar to 
those previously reported for typically developing children and children with SLI.   The current 
finding of early onset inhibition in the children with SLI in the PWI task is therefore consistent 
with previous findings.  However, the present finding of early onset facilitation observed in the 
typically developing children and early categorical facilitation observed in both groups is not 
consistent with previous findings.  Seiger-Gardner and Schwartz (2007) attributed early onset 
inhibition in typically developing children and children with SLI to form related competition. 
However, the onset related IWs presented early in the lexicalization process were facilitative for 
the typically developing children in the present study. Although highly familiar words were used 
in both studies, it is possible that the target words were more familiar to the typically developing 
children in the present study than the words were to the children in the previous study.  If the words 
had more robust semantic and phonologic representations, then selection of the target word would 
be stronger and the onset related words would reinforce the initial phonological representation of 
the target word and speed up naming for the typically developing children.  The present study also 
revealed early rhyme and associate related facilitation in both groups.  Previous studies have 
demonstrated early associate related facilitation in young typical adults (Sailor, et al., 2008), and 
rhyme facilitation  at 0ms and +150ms SOA (Brooks &MacWhinney, 2000).   
Significant results were observed with both phonological and semantic primes at -150ms 
SOA in both groups.  The larger amount of facilitation from the rhyme related IWs, compared to 
the onset related IWs in the typically developing children is consistent with a more holistic 
encoding strategy previously demonstrated in younger typically developing children (Brooks & 
MacWhinney, 2000). The children with SLI, however, demonstrated early rhyme related 
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facilitation along with a similar degree of early onset inhibition.  Perhaps these children were 
relying on a combination of holistic and incrementalist encoding strategies. 
Patterns of Inhibition and Facilitation in the PPI task at Significant SOA 
In the PPI task, significant effects were found later (+150ms SOA) in the lexical activation 
process. In this task, all word types were inhibitory in nature at +150ms  SOA for the TLD group. 
With the SLI group at +150ms SOA, onset, rhyme and categorically related IWs were facilitatory 
in nature and associatively related words resulted in inhibition. It was hypothesized that patterns 
of facilitation and inhibition in the PPI task would also replicate previous findings.  However, 
previous studies employing the PPI task have not reported significant effects in the PPI task at a 
late (+150ms) SOA (Navarrete & Costa, 2005; Geng et al., 2013; Morsella & Miozzo, 2002; 
Jescheniak et al., 2009).  The current findings again suggests continued semantic and phonological 
activation later in the lexical activation process in children with TLD and SLI. The significant 
findings in the PPI task with both semantic and phonological primes at +150ms SOA , combined 
with the early significant effects in the PWI task with both phonological and semantic primes, 
support the Spreading Activation Theory of Lexical Access (Dell & O’Seaghdha, 1992).   This 
theory posits an interaction between semantic and phonological encoding during word production 
through both forward and backward activation.    The findings in the PPI task also suggest that to-
be-ignored picture primes are activated at both a semantic and phonological level in typically 
developing children and children with SLI. These findings contradict the findings of Jescheniak et 
al., (2009) who did not obtain priming effects from phonologically related interfering pictures 
during a picture naming task. Jescheniak et al., (2009)  suggested that subtle differences in the 
visual masking of the target object by the overlaid context object may have been a factor in their 
lack of evidence of a phonological priming effect. The present finding of both phonological and 
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semantic effects are, however, consistent with Morsella & Miozzo (2002) who demonstrated 
simultaneous phonological facilitation in a Picture-Picture naming task.  
Comparison of Groups in PWI and PPI Tasks at significant SOAs 
It was predicted that children who presented with atypical “bottom-up”  sensory processing 
(below average TR and FR) would also demonstrate more atypical patterns of inhibition and 
facilitation in the PWI task  compared to the PPI task. Again because of small subject numbers in 
the subgroups that were differentiated by auditory processing status, calculations of these patterns 
in specific subgroups could not be determined. However, for the SLI and TLD groups, patterns of 
facilitation and inhibition were more similar in the PWI task than in the PPI task at SOAs where 
condition was significant.  In the PWI task, early in the lexicalization process, all word types were 
facilitory for both groups except with onset related IWs for children with SLI. The relative strength 
of the facilitation with each word type was also similar in both groups.  In the PPI task, however,  
at a later time in lexicalization (+150ms SOA), all word types were inhibitory in typically 
developing children, however, onset, rhyme and categorical related IWs were facilitative for 
children with SLI.  The patterns of facilitation and inhibition were therefore more distinct between 
typically developing children and children with SLI in the PPI task, rather than in the PWI task. 
Perhaps because such a large percentage of both groups had what would have been diagnosed as 
an auditory processing deficit of some type (79% of typically developing children, 100% of 
children with SLI) and also had similar TR and FR profiles, reaction times were more similar in 
the PWI task.  Because the PPI task employs a visual interfering stimuli, the TLD and SLI groups 
had more distinct performances in that task.  
It is also possible that the patterns between the groups were more distinct in the PPI task 
because results were significant at a later stage of lexical access (+150ms SOA).  The significant 
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results in the PWI task were obtained very early in the lexicalization process when all subjects 
were beginning the process of lexical access. Perhaps at +150ms SOA, when results were 
significant in the PPI task, the different patterns observed between the two groups reflect 
differences in processing speed. It is possible that if subject numbers had been greater,  significant 
effects may have been observed in both groups later in the PWI task and earlier in the PPI task. If 
this were the case, comparisons between the two tasks would be more appropriate and could  reveal 
whether performance of the two groups were infact more distict in the PPI task. 
Descriptive Patterns of Facilitation and Inhibition Across SOAs  
The linear mixed-effects models revealed that condition was not significant at 0ms, 
+150ms, or +300ms SOA in either group in the PWI task and at -150ms, 0ms, and +300ms SOA 
in either group in the PPI task. Mean reaction time difference trends and the patterns of facilitation 
and inhibition that they suggest, were previously described in the Results section. To explore 
significant differences between related words reaction times and unrelated words reaction times at 
SOAs where condition was not found to be significant through multi-level modeling, t-tests with 
a Holm-Bonferroni correction were run.   Results of the t-tests revealed significant differences 
only at 0ms SOA with associate related words for the children with SLI in the PPI task. The 
following discussion however, will include this finding along with other values which were not 
found to be significant but were relatively large. These findings  will be discussed in comparison 
to previous findings.  
PWI Task. At 0ms SOA in the PWI task, the trend in rhyme related facilitation (-67.56ms) 
observed in typically developing children in the present study is consistent with previously 
reported simultaneous rhyme related facilitation in 5-7 year-old typically developing children 
(Brooks & MacWhinney, 2000).    Categorical inhibition at 0ms SOA in children with SLI reported 
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by Seiger-Gardner & Schwartz (2008) was not replicated in this study. However, mean reaction 
difference values found in this study (8.31) were in the same inhibitory direction as previously 
reported (Seiger-Gardner & Schwartz, 2008).   
At +150ms SOA, the trends in onset (-43.06ms) and rhyme related (-48.77ms) facilitation 
in children with TLD are both consistent with previous findings (Seiger-Gardner & Schwartz, 
2008; Brooks & MacWhinney, 2000), although the children in the Brooks & MacWhinney study 
who demonstrated rhyme related facilitation at this SOA were younger than the children in the 
present study. The trend of associate related facilitation (-46.07) in typically developing children 
at +150ms SOA has not been previously reported. For children with SLI, there was a trend in 
categorical facilitation (-68.20ms) at +150ms SOA in the PWI task. Seiger-Gardner & Schwartz 
obtained a mean reaction time difference value of -47ms between categorical and unrelated primes 
at +150ms SOA which they did not report to be significant (Seiger-Gardner & Schwartz, 2008). 
The previously reported onset related facilitation in children with SLI at +150ms SOA (Seiger-
Gardner & Schwartz, 2007) was not replicated in this study.  
 Previous studies have demonstrated categorical inhibition at +300ms SOA in children with 
SLI,  suggesting lingering semantic activation in SLI (Seiger-Gardner & Schwartz, 2007). Results 
for the children with SLI in the present study did not replicate this finding. However,  the  mean 
reaction time difference value (8.73) obtained in this study at +300ms SOA in response to 
categorical related IWs,  was in the same direction (inhibitory) as previous findings. Trends 
observed in the present study also suggest lingering phonologic activation in children with SLI, 
due to the  onset  related facilitation (-57.59ms) at +300ms SOA in these children.   
PPI Task. Previous studies utilizing the PPI task have reported early categorical related 
inhibition (Glaser & Glaser, 1989) in typically developing children.  Trends at -150ms in typically 
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developing children with categorically related IWs (57.34ms) in the present study are consistent 
with those reported findings. Also at the early SOA of -150ms, trends in the present study suggest 
rhyme related inhibition (41.29ms) in typically developing children.  At 0ms SOA, previous 
studies have demonstrated simultaneous  categorical related inhibition in TLD children (Glaser & 
Glaser, 1989).  Trends at 0ms SOA in the present study suggest simultaneous categorical related 
facilitation (-38.72), which is not consistent with the literature and rhyme related inhibition 
(36.52ms) in typically developing children.  Also at 0ms SOA, t-tests revealed associate related 
inhibition (107.90ms) in children with SLI. Previous studies employing the PPI task have not used 
interfering pictures presented late in the lexical activation process (+300ms SOA).  In this study, 
however,  trends suggest associate related inhibition (58.89) in children with TLD and categorical 
related inhibition (42.76) in children with SLI. The findings of the PPI task suggest semantic and 
phonological activation of to-be-ignored pictures. These results are consistent with findings that 
have demonstrated semantic level activation of a to-be-ignored picture ( Boucart & Humphreys, 
1992; 1994; Glaser & Glaser, 1989), as well as activation at the phonological level (Morsella and 
Miozzo, 2002) .  
PWI versus PPI tasks. The present study is the first to use linear mixed effects multi-level 
modeling to investigate relationships between participant reaction time in a PWI and PPI task, 
SOA, word type, and various psychoacoustic, auditory processing, cognitive and language 
measures.  The linear mixed effects modeling revealed that in typically developing children and 
children with SLI, condition was significant early in the lexicalization process (-150ms SOA) for 
the PWI task and later in the lexicalization process (+150ms SOA) for the PPI task.  If subjects 
numbers had been larger in both groups, it is possible that condition may have been significant at 
additional SOAs in both tasks. However, because this was not the case, at those two distinct SOA 
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times, patterns of facilitation and inhibition between the tasks (PWI versus PPI) can not be directly 
compared. Unstandardized coefficients were obtained for each word type at an SOA where 
condition was significant through the modeling, whereas mean reaction time difference values 
were calculated for each word type at SOAs where condition was not found to be significant. 
Significant results can be compared to trends, however, for the purpose of discussion.  
In the PWI task, early in the lexicalization process (-150ms SOA), typically developing 
children demonstrated phonological (onset, rhyme) and semantic (categorical, associate) 
facilitation, with the largest degree of facilitation resulting from associate related IWs. In the PPI 
task with typical developing children at this early SOA, there was a trend in categorical inhibition. 
When interfering words and/or pictures were presented simultaneously, trends for typically 
developing children revealed rhyme facilitation in the PWI task and no obvious trend in the PPI 
task. Later in the lexicalization process (+150ms SOA) where condition was significant in the PPI 
task, trends suggested that onset, rhyme and associate related IWs were facilitatory for children 
with TLD in the PWI task. Unstandardized coefficients at +150ms SOA, revealed that all words 
types were inhibitory in the PPI task, with the greatest amount of inhibition resulting from 
associative related words. Finally at +300 ms SOA, typically developing children displayed a trend 
in rhyme facilitation in the PWI task and associate related inhibition in the PPI task. 
 For children with SLI, early in the lexicalization process, where condition was significant 
in the PWI task, onset related IWs were inhibitory whereas rhyme, categorical and associate related 
IWs were all facilitory.  Children with SLI did not demonstrate any obvious trends in facilitation 
or inhibition at -150ms SOA in the PPI task. When targets and interfering words and/or pictures 
were presented simultaneously, there were no obvious trends in the PWI task for children with 
SLI, but in the PPI task there was a significant finding of associate related inhibition.  Later in the 
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lexicalization process, at +150m SOA where condition was significant in the PPI task, there was 
a reaction time difference trend in categorical facilitation for children with SLI in the PWI task. 
For the PPI task, onset, rhyme and categorically related IWs were facilitative and associate related 
words were inhibitory for children with SLI.  Finally, at +300ms SOA, mean reaction time 
difference trends suggested onset related facilitation in children with SLI in the PWI task and 
categorical inhibition in the PPI task.  In order to help to compare the performance across PWI and 
PPI tasks for each group, unstandardized coefficients at significant SOAs and larger mean reaction 
time difference values are presented in Tables 35 and 36.  Unstandardized coefficients are 
presented in red. 
 
Table 35. Unstandardized Coefficients and significant mean RT differences for TLD children in PWI and PPI tasks   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
TLD 
PWI PPI 
SOA 
 
SOA 
 
-150 Onset              -2.9 -150 onset    
Rhyme          -21.22 rhyme 
 
categorical          -27.48 categorical          57.34 
associate          -83.01 associate       
0 Onset             0 onset          
Rhyme          -67.56 rhyme 
 
categorical 
 
categorical           
associate 
 
associate          
+150 Onset          -43.06 +150 onset           24.88 
Rhyme          -48.77 rhyme           64.34 
categorical           categorical           20.11 
associate          -46.07 associate           103.2 
+300 Onset       +300 onset        
Rhyme         -38.04 rhyme       
categorical          categorical 
 
associate           associate         58.89 
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Table 36.Unstandardized Coefficients and significant mean RT differences for SLI children in PWI and PPI tasks 
*significant at p < .05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
Factors Contributing to Reaction Time in PWI and PPI Tasks 
It was predicted that derived IMAP scores (TR and FR) would predict patterns of 
facilitation and inhibition in typically developing children and children with SLI in the PWI task 
but not the PPI task. This was not demonstrated.  For typically developing children, age, all 
auditory processing test scores and all language and cognitive test scores contributed to reaction 
time across all SOAs in the PWI and PPI tasks. For children with SLI, however, the pass/fail status 
of the Gap Detection subtest of the SCAN 3:C, Temporal Resolution, Frequency Resolution, 
TONI-4, PPVT-4, and TOWF-2 scores contributed to reaction time across all SOAs in the PWI 
task. In the PPI task,  for children with SLI,  age, pass/fail status of the Gap Detection and 
                            
 
SLI 
PWI PPI 
SOA 
 
SOA 
 
-150 Onset 34.8 -150 onset 
 
Rhyme                 -30.45 rhyme 
 
categorical                 -39.54 categorical 
 
associate                 -71.64 associate 
 
0 Onset 
 
0 onset             
Rhyme 
 
rhyme 
 
categorical 
 
categorical 
 
associate 
 
associate *107.9 
+150 Onset 
 
+150 onset                   -40.64 
Rhyme 
 
rhyme                   -34.36 
categorical                   -68.2 categorical                   -32.26 
associate 
 
associate 95.97 
+300 Onset                 -57.59 +300 onset 
 
Rhyme 
 
rhyme 
 
categorical 
 
categorical                   42.76 
associate 
 
associate 
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Competing Words Free Recall subtests of the SCAN 3:C, Frequency Discrimination score, and 
scores from the TONI-4, PPVT-4, and TOWF-2 contributed to reaction time across all SOAs. 
More variables contributed to reaction time across all SOAs in the typically developing 
children than in the children with Specific Language Impairment in both tasks. However, across 
tasks (PWI versus PPI), factors that contributed to reaction time in the typically developing 
children were identical.  All variables that contributed to reaction time in the PWI task also 
contributed to reaction time in the PPI task in typically developing children.  This was not the case 
for the children with SLI.  In the PWI task, which utilizes an auditory interfering stimulus, the 
auditory processing variables which contributed to reaction time included the pass/fail status of 
the Gap Detection subtest of the SCAN 3:C, Temporal Resolution (TR) and Frequency Resolution 
(FR) scores.  The Gap Detection test is a test of temporal resolution which does  not use language 
stimuli.  The auditory processing tests which contributed to reaction time in the PWI task for 
children with SLI are tests which are either bottom-up sensory processing measures (TR and FR) 
or measures which do not use language (Gap Detection test). For the PPI task, the auditory 
processing variables which contributed to reaction time included the pass/fail status of the Gap 
Detection and Competing Words Free Recall subtests of the SCAN 3:C and the Frequency 
Discrimination test score. The Competing Words Free Recall subtest is a language based test which 
is  influenced by attention and memory, as is the Frequency Discrimination test.   These findings 
suggest that for children with SLI, bottom-up sensory processing ability is specifically related to  
processing of an auditory interferer, as reflected in the  contribution  of the derived tests (TR and 
FR) to reaction time in the PWI task but not the PPI task. For children with SLI, deficits in bottom-
up auditory processing ability appears to contribute to slower processing speed with an  auditory  
interfering stimulus but not  with a visual interfering stimulus.  These findings are consistent with 
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the Surface Hypothesis (Leonard, 1998) which considers the underlying cause of Specific 
Language Impairment to be a processing capacity limitation. This hypothesis also attributes 
deficits in the acquisition of morphology in children with SLI to the acoustical makeup of the 
morphological markers. Although Moore et al., (2010) reported “very little relationship” between 
bottom-up sensory processing and auditory processing and listening skills, the present findings 
indicate a relationship between bottom-up auditory  processing and processing speed with  auditory 
interfering stimuli but not visual interfering stimuli in children with Specific Language 
Impairment. The typically developing children in the present study did not reveal  similar 
contributions from the bottom-up auditory processing scores to reaction time. The participants  in  
the Moore et al., (2010) study included a randomly-selected group of 1469 children who were 
questioned about their listening skills, whereas the participants in the present study included 
typically developing children and children with Specific Language Impairment. Although the 
skills measured in these two studies are not the same, the current findings support the need to 
continue to  investigate the impact of bottom-up auditory processing abilities on communication, 
particularly in children with Specific Language Impairment.  
Summary and Future Directions. Many of the patterns of facilitation and inhibition 
demonstrated in this study were not consistent with previous findings and warrent further 
investigation. Because the time increments under investigation are very small and children’s 
reaction time performance can be subject to large variability, these studies should be conducted 
with as large a number of participants as possible.  These factors most likely contributed to some 
of the novel findings in the present study. In the PWI task, at an SOA which was found to be 
significant in the modeling (-150ms), the onset facilitation in typically developing children and 
categorical, rhyme and associate related facilitation in both groups is a novel finding. Also in the 
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PWI task, the trend of associate related facilitation at +150ms SOA in typically developing 
children and the lingering phonological activation at +300ms SOA in children with SLI should be 
further investigated.  
In the PPI task, the significant effects demonstrated in both groups at +150ms SOA  have 
not been previously demonstrated. Novel trends were also found for  rhyme related inhibition in  
typically developing children at -150ms SOA, categorical facilitation and rhyme related inhibition 
at 0ms SOA in typically developing children and associate related inhibition in children with SLI 
also at 0ms SOA.  At +300ms SOA, trends were seen in associate related inhibition in typically 
developing children and categorical related inhibition in children with SLI.  These effects which 
were seen later in the lexicalization process in the PPI task, also have not been previously 
documented and should be investigated further. 
The current thinking regarding APD is that it is a cognitive disorder and reflects attentional 
abilities rather than  difficulties in bottom-up processing (Moore, et al., 2010).  The finding of 
longer reaction times in the PWI task in children who failed the SCAN 3:C and had atypical IMAP 
test scores, but not for children who had atypical derived scores, suggests that attention may be a 
contributing factor to the reduced auditory processing abilities as well as increased reaction times 
in both children with SLI and typically developing children. Although attentional factors have 
been investigated in regard to APD, these findings support the need to seriously consider 
attentional factors in all APD testing. Moore ae at., (2010) also do not attribute low level, bottom-
up processing abilities to listening difficulties described in APD. However, the present study 
revealed that in children with SLI, bottom-up auditory processing abilities measured with TR and 
FR scores, contributed to naming times in a task with an auditory, interfering word but did not 
contribute to naming times in a task with a visually presented interfering picture.   Typically 
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developing children were not differentiated by TR and FR scores. For the typically developing 
children, all auditory processing variables contributed to reaction times in both the PWI and PPI 
tasks.  
The reduced bottom-up auditory processing abilities appear to impact children with SLI 
differently than they affect typically developing children.  Although the literature has extensive 
research which has investigated bottom-up auditory skills in children with SLI, most of the tasks 
employed have not considered the potential influence of attention and memory. Future studies 
should utilize derived measures of temporal and frequency resolution in order to factor out 
attention and memory and obtain a purer measure of bottom-up processing. Studies should then 
continue to investigate the contributions of this bottom-up processing to underlying language and 
listening processes as well as everyday communication abilities in children with SLI. 
Although the focus of this study was not on visual processing, both visual and auditory 
interferers resulted in a greater slowing of processing in the children with SLI compared to the 
typically developing children. Bottom-up auditory processing measures contributed to reaction 
time in a task employing an auditory interferer but not a visual interferer in children with SLI. In 
the typically developing children, all variables contributed to reaction time in both tasks. It would 
be interesting to determing if bottom-up visual processing measures contribute to reaction time in 
a task employing a visual interferer but not an auditory interferer in children with SLI. Perhaps 
both auditory and visual bottom-up processing abilities differentially impact children with SLI but 
do not uniquely impact  typically developing children.  Future research should therefore also 
investigate bottom-up visual processing abilities in children with SLI in order to determine if the 
present results are specific to the auditory channel in this group of children. 
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APPENDICES 
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APPENDIX A. Summary of test results.  
Table A1. Summary of test results (e.g., CELF-Clinical Evaluation of Language Fundamentals; TONI 4-Test of 
Nonverbal Intelligence 4; PPVT 4- Peabody Picture Vocabulary Test 4; TWF 2- Test of Word Finding 2) for TLD and 
SLI groups. 
 
CELF 5 Subjects 22, 23, 25, 29, 30, 31, 32, 33, 34; All other Subjects CELF 4 
*** p < .001; ** p < .01; * p < .05  
 
 
Subject Gender Age CELF Receptive CELF Expressive CELF     Core TONI 4 PPVT 4 TWF 2 
TLD 6 F 9;5 94 108 104 110 92 104 
TLD 7 M 10;11 93 108 104 126 116 99 
TLD 9 F 11;11 97 93 120 125 129 120 
TLD 10 F 9;5 113 120 118 123 121 118 
TLD 11 F 11;10 119 128 124 119 111 112 
`TLD 12 M 8;10 99 103 99 110 99 84 
TLD 14 M 9;5 116 122 118 121 114 91 
TLD 21 F 8;6 101 112 112 120 118 106 
TLD 24 M 10;4 128 120 120 109 142 120 
TLD 26 F 9;3 96 101 98 106 111 105 
TLD 27 F 9;6 96 101 98 115 109 114 
TLD 29 M 8;1 94 90 90 92 92 99 
TLD 30 M 8;9 115 113 113 103 135 108 
TLD 31 M 11;9 88 98 90 97 92 59 
SLI 5 F 10;6 105 85 90 99 91 86 
SLI 8 F 10;11 76 95 84 100 100 94 
SLI 13 F 10 76 93 87 83 123 121 
SLI 15 M 8;5 96 85 87 95 98 100 
SLI 16 M 9;10 83 105 96 117 95 81 
SLI 17 F 9;4 76 58 62 97 95 91 
SLI 18 F 8;1 67 87 85 92 124 108 
SLI 19 M 9;2 76 96 88 109 92 86 
SLI 20 M 8 71 77 70 92 97 82 
SLI 22 M 10;2 88 87 90 95 94 79 
SLI 23 M 11 73 82 76 87 89 77 
SLI 25 F 11;9 86 102 91 109 85 92 
SLI 28 M 10;5 76 75 73 100 87 74 
SLI 32 M 8;1 82 81 80 90 94 86 
SLI 33 F 11;9 63 67 55 89 74 33 
SLI 34 M 11 86 87 86 99 101 80 
          
TLD Average   (SD)    
***103.5 
         (12.19) 
***108.36 
      (11.42) 
***107.71 
       (11.59) 
***112.57 
     (10.54) 
**112.93 
  (15.75) 
*102.79 
 (16.45) 
SLI 
Average 
(SD) 
   
80 
(10.64) 
85.12 
(12.19) 
81.25 
(11.27) 
97.06 
(8.87) 
96.19 
(12.50) 
85.62 
(18.60) 
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APPENDIX B. Mean scores on the language and cognitive tests with 95% confidence 
interval error bars. 
 
 
 
Figure B1: Mean core language score by group on the CELF-4 and CELF-5 with 
95% confidence interval error bars. TLD and SLI groups significantly different at p <.001 
 
 
 
 
 
Figure B2: Mean score by group on the Receptive Language Index portion of   
the CELF-4 and CELF-5 with 95% confidence interval error bars. TLD and SLI groups significantly different at p < 
.001 
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Figure B3: Mean score by group on the Expressive Language Index portion  
of the CELF-4 and CELF-5 with 95% confidence interval error bars. TLD and SLI groups significantly  
different at p < .001 
 
 
  
Figure B4: Mean score by group on the Peabody Picture Vocabulary Test-4  
with 95% confidence interval error bars. TLD and SLI groups significantly different at p < .01 
 
 
 
 
Figure B5: Mean score by group on the Test of Word Finding-2 with 95% confidence  
interval error bars. TLD and SLI groups significantly different at p < .05 
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Figure B6: Mean score by group on the Test of Non-Verbal Intelligence-4 with  
95% confidence interval error bars. TLD and SLI groups significantly different at p < .001 
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APPENDIX C. Proportion of participants by group passing each subtest of the SCAN 3:C 
with 95% confidence interval error bars.  
 
 
 
Figure C1: Proportion of participants passing the Gap Detection subtest of  
the SCAN 3:C by group with 95% confidence interval error bars 
 
 
 
 
Figure C2: Proportion of participants passing Auditory Figure Ground +8 dB subtest  
of the SCAN by group with 95% confidence interval error bars 
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Figure C3: Proportion of participants passing the Competing Words Free Recall    
subtest of the SCAN by group with 95% confidence interval error bars 
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APPENDIX D. Mean scores by age and group on individual IMAP tests with 95% confidence 
interval error bars. 
 
 
 
Figure D1: Mean score by group on the backward masking task  
with 95% confidence interval error bars.  Large error bars for TLD 10:00-10:11 due to small subject number (N=2) 
 
 
Figure D2: Mean score by group on the simultaneous masking  
with notch task with 95% confidence interval error bars. Large error bars for TLD 10:00-10:11 due to small subject 
number (N=2) 
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Figure D3: Mean score by group on the simultaneous masking  
task with 95% confidence interval error bars 
 
 
 
 
Figure D4: Mean score by group on the frequency discrimination  
task with 95% confidence interval error bars. Large error bars for SLI 9:00-9:11 due to small subject number 
(N=2) 
 
 
 
 
 
Figure D5: Mean score by group on the backward masking  
with 50ms gap task with 95% confidence interval error bars. Large error bars for TLD 10:00-10:11 due to small 
subject number (N=2) 
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Figure D6: Mean score by group for the derived temporal resolution score  
with 95% confidence interval error bars. Large error bars for TLD 10:00-10:11 due to small subject number (N=2) 
 
 
 
 
 
Figure D7: Mean score by group for the derived frequency  
resolution score with 95% confidence interval error  
bars. Large error bars for TLD 10:00-10:11 due to small subject number (N=2) 
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APPENDIX E. Mean reaction time for the visual interference subtests with 95% 
confidence interval error bars. 
 
 
Figure E1: Mean reaction time by group on the vigilance task of  
the test of visual interference with 95% confidence interval error bars 
 
 
Figure E2: Mean reaction time by group on the simple distractor task of the test  
of visual interference with 95% confidence interval error bars 
 
 
 
 
Figure E3: Mean reaction time by group on the inhibition task of the test of visual  
interference with 95% confidence interval error bars 
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Figure E4: Mean reaction time by group overall on the visual interference task  
with 95% confidence interval error bars 
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APPENDIX F. Mean Percentage of Errors by group (SLI and TLD) at each SOA for the 
Picture-Word Interference Task with 95% confidence interval error bars. 
 
Figure F1: Mean percentage of errors by condition and group for -150ms SOA for the Picture-Word Interference 
task with 95% confidence interval error bars 
 
 
 
 
 
 
Figure F2: Mean percentage of errors by condition and group for 0ms SOA for the Picture-Word Interference task 
with 95% confidence interval error bars 
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Figure F3: Mean percentage of errors by condition and group for +150ms SOA for the Picture-Word Interference 
task with 95% confidence interval error bars 
 
 
 
Figure F4: Mean percentage of errors by condition and group for 300ms SOA for the Picture-Word Interference 
task with 95% confidence interval error bars 
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APPENDIX G. Mean Percentage of Errors by Condition and Group (TLD and SLI) at 
each SOA for the Picture-Picture Interference Task with 95% confidence interval error 
bars. 
 
 
Figure G1: Mean percentage of errors by condition and group for -150ms SOA for the Picture-Picture Interference 
task with 95% confidence interval error bars 
 
 
 
 
Figure G2: Mean percentage of errors by condition and group for 0ms SOA for the Picture-Picture Interference 
task with 95% confidence interval error bars 
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Figure G3: Mean percentage of errors by condition and group for +150ms SOA for the Picture-Picture 
Interference task with 95% confidence interval error bars 
 
 
 
 
  
 
 
Figure G4: Mean percentage of errors by condition and group for 300ms SOA for the Picture-Picture Interference 
task with 95% confidence interval error bars 
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APPENDIX H. Linear Mixed Models for Picture-Picture Interference Task & Picture-
Word Interference Task 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses across 
task, across stimulus onset asynchrony, and across group (χ2(47)= 1000.80, p<.001) can be seen 
in Table H.1. Table H.1 shows the factors which were retained in the final model. The random 
effects structure had to be simplified due to non-convergence during modeling resulting in the 
final model only having by-participant random intercepts, and by-item random intercepts and 
random slopes for group.  Table H.2  shows factors and interactions which did not significantly 
contribute to the fit of the model.  
 
Table H1: Final Model for the all reaction times across task, SOA, and group. Fixed effects 
which significantly improved the fit of the linear mixed-effect model of reaction time responses 
across task and across group are reported with χ2-values and the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 1900.35 384.05 4.95     
Auditory Processing 
Freq.Res -13.98 4.59 -3.05 8.09 1 .004 ** 
Language  and Cognitive Status 
CELF.Core -8.65 2.94 -2.94 7.60 1 .01 ** 
Visual Attention 
VisInt 0.46 0.19 2.46 5.52 1 .02 * 
Experimental Design 
Experiment.Order(2) 96.23 5.83 16.52 270.99 1 <.001 *** 
SOA.order 1.42 5.82 0.24 -- -- --  
SOA:SOA order    55.84 3 <.001 *** 
 SOA.order:SOA(-150) 60.97 8.59 7.10     
 SOA.order:SOA(150) 6.38 8.81 0.72     
 SOA.order:SOA(300) 25.45 9.42 2.70     
SOA, Word Type, and Group 
SOA    105.74 3 <.001 *** 
 SOA(-150) -328.43 33.20 -9.89     
 SOA(150) -78.89 32.68 -2.41     
 SOA(300) -184.47 34.17 -5.40     
Condition   
 -- -- --  
 condition(associate) -6.94 25.70 -0.27     
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 condition(categorical) -41.49 25.71 -1.61     
 condition(onset) 19.01 25.83 0.74     
 condition(rhyme) -20.74 25.57 -0.81     
Group(SLI) -199.22 107.73 -1.85 -- -- --  
SOA:condition   
 -- -- --  
 SOA(-150):condition(associate) -31.89 36.26 -0.88     
 SOA(150):condition(associate) 24.63 36.29 0.68     
 SOA(300):condition(associate) 49.58 36.13 1.37     
 SOA(-150):condition(categorical) 39.36 36.44 1.08     
 SOA(150):condition(categorical) 38.78 36.44 1.06     
 SOA(300):condition(categorical) 14.62 36.32 0.40     
 SOA(-150):condition(onset) -19.65 36.67 -0.54     
 SOA(150):condition(onset) -32.13 36.48 -0.88     
 SOA(300):condition(onset) -21.84 36.45 -0.60     
 SOA(-150):condition(rhyme) 23.47 36.34 0.65     
 SOA(150):condition(rhyme) 21.30 36.42 0.59     
 SOA(300):condition(rhyme) 0.50 36.46 0.01     
condition:group   
 -- -- --  
 condition(associate):Group(SLI) 47.02 35.28 1.33     
 condition(categorical):Group(SLI) 42.65 35.70 1.20     
 condition(onset):Group(SLI) -0.35 35.75 -0.01     
 condition(rhyme):Group(SLI) 30.46 35.43 0.86     
SOA:group   
 -- -- --  
 SOA(-150):Group(SLI) 16.94 34.02 0.50     
 SOA(150):Group(SLI) 68.16 33.90 2.01     
 SOA(300):Group(SLI) 15.15 33.93 0.45     
SOA:condition:group   
 22.30 12 .03 * 
 SOA(-150):condition(associate):Group(SLI) -39.15 50.02 -0.78     
 SOA(150):condition(associate):Group(SLI) -33.53 49.97 -0.67     
 SOA(300):condition(associate):Group(SLI) -95.10 49.90 -1.91     
 SOA(-150):condition(categorical):Group(SLI) -53.17 50.57 -1.05     
 SOA(150):condition(categorical):Group(SLI) -108.54 50.47 -2.15     
 SOA(300):condition(categorical):Group(SLI) 6.22 50.35 0.12     
 SOA(-150):condition(onset):Group(SLI) 12.34 50.74 0.24     
 SOA(150):condition(onset):Group(SLI) -13.94 50.37 -0.28     
 SOA(300):condition(onset):Group(SLI) -56.63 50.29 -1.13     
 SOA(-150):condition(rhyme):Group(SLI) -56.89 50.35 -1.13     
 SOA(150):condition(rhyme):Group(SLI) -67.45 50.29 -1.34     
  SOA(300):condition(rhyme):Group(SLI) 5.56 50.19 0.11        
Formula in R: RT ~ SOA.order + SOA.order:SOA + Experiment.Order + SOA + condition + Group + 
SOA:condition:Group + SOA:condition + condition:Group + SOA:Group + Freq.Res + CELF.Core + VisInt + 
(1 | Subject) + (Group | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table H2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model of reaction time responses across task and across group are reported with χ2-values 
and the p-value for each factor. 
 
Factor χ2 value df p-value 
Age 3.90 1 .05 
Auditory Processing 
Gap.Det 0.21 1 .64 
AFG.8 1.64 1 .20 
CWFR 1.66 1 .20 
Freq.Disc 1.70 1 .19 
Temp.Res 1.23 1 .27 
Language  and Cognitive Status 
TONI 0.01 1 .94 
PPVT 0.09 1 .76 
TOWF 3.47 1 .06 
Experimental Design 
Exp(PWI) 1.11 1 .29 
Experiment.Order:Exp 1.95 2 .38 
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APPENDIX I. Linear Mixed Models for Picture-Word Interference Task – Across 
Individuals with Typical Language Development and Specific Language Impairment 
across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses for the 
Picture-Word interference task across group and across stimulus onset asynchrony (χ2(31)= 
665.68, p<.001) can be seen below in Table I.1.  The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and random slopes for group.  
Table I.2  shows factors and interactions which did not significantly contribute to the fit of the 
model.  
 
 
Table I1: Final Model for reaction time responses for the Picture-Word interference task across 
groups, across all stimulus onset asynchrony. Fixed effects which significantly improved the fit 
of the linear mixed-effect model of reaction time responses across task and across group are 
reported with χ2-values and the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 1467.64 419.33 3.50     
Auditory Processing 
Freq.Res -9.34 5.02 -1.86 3.27 1 0.07 . 
Language  and Cognitive Status 
CELF.Core -10.01 3.96 -2.53 5.79 1 0.02 * 
TOWF 4.59 2.53 1.82 3.13 1 0.08 . 
Visual Attention 
VisInt 0.61 0.20 2.99 7.83 1 0.01 ** 
Experimental Design 
SOA.order -0.58 7.63 -0.08 -- -- --  
SOA:SOA order   
 37.10 3 <.001 *** 
 SOA.order:SOA(-150) 53.74 11.15 4.82     
 SOA.order:SOA(150) 13.18 11.53 1.14     
 SOA.order:SOA(300) -8.81 12.23 -0.72     
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Table I2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model of reaction time responses across task and across group are reported with χ2-values 
and the p-value for each factor. 
 
Factor χ2 value df p-value 
Age 0.39 1 0.53 
Auditory Processing 
Gap.Det 0.80 1 0.37 
AFG.8 3.38 1 0.07 
CWFR 2.46 1 0.12 
Freq.Disc 1.20 1 0.27 
Temp.Res 1.49 1 0.22 
Language  and Cognitive Status 
SOA, Word Type, and Group 
SOA    103.28 3 <.001 *** 
 SOA(-150) -374.55 37.91 -9.88     
 SOA(150) -91.58 37.52 -2.44     
 SOA(300) -132.54 39.50 -3.36     
Condition   
 -- -- --  
 condition(associate) -18.31 22.91 -0.80     
 condition(categorical) -16.67 23.28 -0.72     
 condition(onset) 20.02 23.19 0.86     
 condition(rhyme) -31.30 22.95 -1.36     
Group(SLI) -218.62 116.82 -1.87 -- -- --  
SOA:condition    23.33 12 0.03 * 
 SOA(-150):condition(associate) -55.56 32.45 -1.71     
 SOA(150):condition(associate) -8.57 32.50 -0.26     
 SOA(300):condition(associate) 32.13 32.61 0.99     
 SOA(-150):condition(categorical) -11.04 32.79 -0.34     
 SOA(150):condition(categorical) -43.27 32.85 -1.32     
 SOA(300):condition(categorical) 9.64 32.86 0.29     
 SOA(-150):condition(onset) -2.73 32.88 -0.08     
 SOA(150):condition(onset) -45.03 32.80 -1.37     
 SOA(300):condition(onset) -56.13 32.75 -1.71     
 SOA(-150):condition(rhyme) 2.69 32.52 0.08     
 SOA(150):condition(rhyme) -9.67 32.68 -0.30     
 SOA(300):condition(rhyme) 16.05 32.60 0.49     
Formula in R: RT ~ SOA.order + SOA.order:SOA + SOA + condition + Group + SOA:condition + 
SOA:Group + Freq.Res + CELF.Core + TOWF + VisInt + (1 | Subject) + (Group | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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TONI 0.05 1 0.83 
PPVT 2.03 1 0.15 
Experimental Design 
Experiment.Order(2) 0.52 1 0.47 
SOA, Word Type, and Group 
condition:group 2.73 4 0.60 
SOA:condition:group 19.70 16 0.23 
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APPENDIX J. Linear Mixed Models for Picture-Word Interference Task – Individuals 
with Specific Language Impairment – Across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses 
for the Picture-Word interference task for individuals with Specific Language Impairment across 
all stimulus onset asynchrony (χ2(30)=361.77, p<.001) can be seen in Table J.1.  The random 
effects structure had to be simplified due to non-convergence during modeling resulting in the 
final model only having by-participant random intercepts, and by-item random intercepts and 
random slopes for condition.  Table J.2  shows factors and interactions which did not 
significantly contribute to the fit of the model. 
 
 
Table J.1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Specific Language Impairment across all stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the linear mixed-effect model of reaction time 
responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 3819.01 534.81 7.14     
Auditory Processing 
Gap.Det -460.53 87.70 -5.25 17.16 1 <.001 *** 
Temp.Res -1.90 2.48 -0.77 1.19 1 .28  
Freq.Res -27.17 4.65 -5.85 17.08 1 <.001 *** 
Language  and Cognitive Status 
PPVT -23.732 5.092 -4.66 8.6706 1 .003 ** 
TOWF 16.153 3.355 4.815 12.854 1 <.001 *** 
TONI -9.799 3.741 -2.619 6.1026 1 .01 * 
Experimental Design 
Experiment.Order(2) 146.60 59.53 2.46 4.55 1 .03 * 
SOA.order 32.98 11.27 2.93 -- -- --  
SOA:SOA order    16.01 3 .001 ** 
 SOA.order:SOA(-150) 18.93 15.91 1.19     
 SOA.order:SOA(150) -3.50 17.21 -0.20     
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 SOA.order:SOA(300) -46.52 17.68 -2.63     
SOA, Word Type, and Group 
SOA    36.57 3 <.001 *** 
 SOA(-150) -246.63 51.73 -4.77     
 SOA(150) 43.23 52.54 0.82     
 SOA(300) 9.15 54.55 0.17     
Condition    -- -- --  
 condition(associate) -7.85 42.16 -0.19     
 condition(categorical) 6.68 36.67 0.18     
 condition(onset) 22.85 36.74 0.62     
 condition(rhyme) -1.59 35.79 -0.04     
SOA:condition    24.79 12 .02 * 
 SOA(-150):condition(associate) -58.74 46.69 -1.26     
 SOA(150):condition(associate) -5.29 46.85 -0.11     
 SOA(300):condition(associate) 2.57 47.07 0.06     
 SOA(-150):condition(categorical) -31.00 47.47 -0.65     
 SOA(150):condition(categorical) -92.93 47.58 -1.95     
 SOA(300):condition(categorical) 2.48 47.70 0.05     
 SOA(-150):condition(onset) 10.62 47.30 0.23     
 SOA(150):condition(onset) -34.11 47.34 -0.72     
 SOA(300):condition(onset) -102.09 47.46 -2.15     
 SOA(-150):condition(rhyme) -31.62 46.90 -0.67     
 SOA(150):condition(rhyme) -33.17 46.98 -0.71     
 SOA(300):condition(rhyme) 14.77 46.90 0.32     
Formula in R: RT ~ SOA.order + SOA.order:SOA + Experiment.Order + SOA + condition + 
SOA:condition + Temp.Res + Freq.Res + Gap.Det + PPVT + TOWF +TONI + (condition | 
Subject) + (condition | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table J.2: Fixed effects which did not significantly improved the fit of the linear mixed-effect 
model of reaction time responses across task and across group are reported with χ2-values and 
the p-value for each factor. 
 
Factor χ2 value df p-value 
Age 0.02 1 .89 
Auditory Processing 
AFG.8 0.56 1 .45 
CWFR 0.00 1 .96 
Freq.Disc 0.32 1 .57 
Language  and Cognitive Status 
CELF.Core 0.19 1 .66 
Visual Attention 
VisInt 0.04 1 .84 
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APPENDIX K. Linear Mixed Models for Picture-Word Interference Task – Individuals 
with Typical Language Development – Across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses for the 
Picture-Word interference task for individuals with Typical Language Development across all 
stimulus onset asynchrony (χ2(24)=439.40, p<.001) can be seen in table K.1.  The random effects 
structure had to be simplified due to non-convergence during modeling resulting in the final 
model only having by-participant random intercepts, and by-item random intercepts and random 
slopes for condition.  Table K.2  shows factors and interactions which did not significantly 
contribute to the fit of the model.  
 
 
Table K1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development across all stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the linear mixed-effect model of reaction time 
responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 96345.74 4456.63 21.62     
Age -1301.55 66.07 -19.70 57.22 1 <.001 *** 
Auditory Processing 
Gap.Det -87977.24 4219.10 -20.85 58.66 1 <.001 *** 
AFG.8 -2925.49 137.95 -21.21 58.93 1 <.001 *** 
CWFR -17122.53 868.12 -19.72 56.48 1 <.001 *** 
Freq.Disc -172.28 8.33 -20.67 58.35 1 <.001 *** 
Temp.Res 192.08 10.04 19.14 51.37 1 <.001 *** 
Freq.Res -306.37 16.27 -18.83 56.65 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -133.76 6.65 -20.11 56.37 1 <.001 *** 
PPVT 85.98 4.19 20.52 57.00 1 <.001 *** 
TOWF 92.43 4.61 20.05 58.72 1 <.001 *** 
TONI 186.82 12.19 15.33 55.47 1 <.001 *** 
Visual Attention 
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VisInt 2.92 0.15 19.58 60.85 1 <.001 *** 
Experimental Design 
Experiment.Order(2) 4960.82 261.31 18.99 55.88 1 <.001 *** 
SOA.order -36.70 10.06 -3.65 -- -- --  
SOA:SOA order    39.47 3 <.001 *** 
 SOA.order:SOA(-150) 94.03 15.30 6.15     
 SOA.order:SOA(150) 30.63 15.02 2.04     
 SOA.order:SOA(300) 32.39 16.52 1.96     
SOA, Word Type, and Group 
SOA    133.20 3 <.001 *** 
 SOA(-150) -489.91 42.16 -11.62     
 SOA(150) -160.07 39.28 -4.08     
 SOA(300) -235.93 43.60 -5.41     
Condition    11.53 4 .02 * 
 condition(associate) -31.26 24.26 -1.29     
 condition(categorical) -28.56 17.24 -1.66     
 condition(onset) -6.48 16.35 -0.40     
 condition(rhyme) -44.78 21.53 -2.08     
Formula in R: RT ~ SOA.order + SOA.order:SOA + Experiment.Order + SOA + condition + 
Freq.Disc + Temp.Res + Freq.Res + Gap.Det + AFG.8 + CWFR + CELF.Core + PPVT + TOWF + 
TONI + VisInt + Age + (condition | Subject) + (condition | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
      
 
 
Table K2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model of reaction time responses across task and across group are reported with χ2-values 
and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
SOA:condition 15.80 12.00 .20 
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APPENDIX L. Linear Mixed Models for Picture-Word Interference Task –Individuals 
with Specific Language Impairment and Individuals with Typical Language Development 
at -150ms Stimulus Onset Asynchrony. 
 L.1. Individuals with Specific Language Impairment at -150ms Stimulus Onset 
Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses 
for the Picture-Word Interference task for individuals with Specific Language Impairment for -
150ms stimulus onset asynchrony (χ2(17)=69.51, p<.001) can be seen in Table L.1.1. The 
random effects structure had to be simplified due to non-convergence during modeling resulting 
in the final model only having by-participant random intercepts, and by-item random intercepts 
and random slopes for condition.  Table L.1.2  shows factors and interactions which did not 
significantly contribute to the fit of the model. 
 
Table L.1.1: Final Model for reaction time responses for the Picture-Word interference 
task for individuals with Specific Language Impairment for -150ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the linear mixed-effect model of reaction 
time responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) -38.98 316.60 -0.12     
Age 79.36 21.50 3.69 8.16 1 .004 ** 
Auditory Processing 
AFG.8 128.54 55.27 2.33 4.81 1 .03 * 
CWFR -281.56 66.65 -4.22 12.22 1 <.001 *** 
Freq.Disc 0.24 0.09 2.65 5.90 1 .02 * 
Temp.Res -8.88 2.53 -3.51 9.01 1 .003 ** 
Language  and Cognitive Status 
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CELF.Core -6.16 2.64 -2.34 2.67 1 .10  
TOWF -3.03 1.79 -1.70 2.13 1 .14  
Visual Attention 
VisInt 1.35 0.20 6.80 19.89 1 <.001 *** 
Experimental Design 
SOA.order -69.30 23.04 -3.01 4.90 1 .03 * 
SOA, Word Type, and Group 
Condition    12.10 4 0.02 * 
 condition(associate) -71.64 48.16 -1.49     
 condition(categorical) -39.54 36.66 -1.08     
 condition(onset) 34.80 41.80 0.83     
 condition(rhyme) -30.45 44.36 -0.69     
Formula in R: RT ~ SOA.order + condition + Freq.Disc + Temp.Res + AFG.8 + CWFR + 
CELF.Core + TOWF + VisInt + Age + (condition | Subject) + (condition | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
 
 
Table L.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Word interference task for 
individuals with Specific Language Impairment for -150ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
Factor χ2 value df p-value 
Auditory Processing 
Gap.Det 1.37 1 .24 
Freq.Res 0.03 1 .86 
Language  and Cognitive Status 
PPVT 1.31 1 .25 
TONI 0.15 1 .70 
Experimental Design 
Experiment.Order(2) 1.23 1 .27 
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L.2. Picture-Word Interference Task – Individuals with Typical Language 
Development at -150ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit 
by maximum likelihood to reaction time responses for the Picture-Word Interference task for 
individuals with Typical Language Development for -150ms stimulus onset asynchrony 
(χ2(17)=69.51, p<.001) can be seen in Table L.2.1.  The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and random slopes for condition.  
All factors and interactions which did significantly contributed to the fit of the model. 
 
Table L.2.1: Final Model for reaction time responses for the Picture-Word interference 
task for individuals with Typical Language Development for -150ms stimulus onset asynchrony.  
Fixed effects which significantly improved the fit of the linear mixed-effect model of reaction 
time responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 382900.00 34800.00 11.00     
Auditory Processing 
Gap.Det -271700.00 24920.00 -10.90 43.37 1 <.001 *** 
AFG.8 -5039.00 457.90 -11.00 34.49 1 <.001 *** 
CWFR -15050.00 1435.00 -10.49 33.26 1 <.001 *** 
Freq.Disc -450.50 41.43 -10.87 43.30 1 <.001 *** 
Temp.Res -165.20 15.51 -10.65 35.19 1 <.001 *** 
Freq.Res -228.80 21.40 -10.69 33.30 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -49.62 4.03 -12.32 33.68 1 <.001 *** 
PPVT 248.90 22.89 10.87 34.06 1 <.001 *** 
TOWF 12.77 1.95 6.55 25.23 1 <.001 *** 
TONI -788.00 71.28 -11.06 43.68 1 <.001 *** 
Visual Attention 
VisInt -7.85 0.72 -10.91 43.28 1 <.001 *** 
Experimental Design 
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Experiment.Order(2) 1596.00 162.70 9.81 30.27 1 <.001 *** 
SOA.order -2437.00 224.40 -10.86 33.55 1 <.001 *** 
SOA, Word Type, and Group 
Condition    13.86 4 .01 ** 
 condition(associate) -83.01 38.37 -2.16     
 condition(categorical) -27.48 34.40 -0.80     
 condition(onset) -2.90 35.32 -0.08     
 condition(rhyme) -21.22 35.32 -0.60     
Formula in R: RT ~ SOA.order + Experiment.Order + condition + Freq.Disc + Temp.Res +  Freq.Res + 
Gap.Det + AFG.8 + CWFR + CELF.Core + PPVT + TOWF + TONI + VisInt + (condition | Subject) + 
(condition | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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APPENDIX M. Linear Mixed Models for Picture-Word Interference Task – Individuals 
with Specific Language Impairment and Individuals with Typical Language Devgelopment 
at 0ms Stimulus Onset Asynchrony 
M.1. Individuals with Specific Language Impairment at 0ms Stimulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Word interference task for individuals with Specific Language 
Impairment for 0ms stimulus onset asynchrony (χ2(8)=25.06, p<.01) can be seenTable M.1.1. 
The random effects structure had to be simplified due to non-convergence during modeling 
resulting in the final model only having by-participant random intercepts, and by-item random 
intercepts and no random slopes.  Table M.1.2  shows factors and interactions which did not 
significantly contribute to the fit of the model. 
 
 
Table M.1.1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Specific Language Impairment for 0ms stimulus onset asynchrony. Fixed effects 
which significantly improved the fit of the linear mixed-effect model of reaction time responses 
across task and across group are reported with χ2-values and the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 248.93 894.36 0.28     
Auditory Processing 
Gap.Det -665.05 141.29 -4.71 13.93 1 <.001 *** 
CWFR -268.49 115.69 -2.32 4.65 1 .03 * 
Temp.Res -11.60 4.22 -2.75 6.18 1 .01 * 
Freq.Res -39.81 5.86 -6.79 21.72 1 <.001 *** 
Language  and Cognitive Status 
PPVT -21.71 6.76 -3.21 7.95 1 .005 ** 
TOWF 21.47 4.82 4.46 12.95 1 <.001 *** 
TONI 33.74 8.77 3.85 10.53 1 .002 ** 
Experimental Design 
SOA.order -214.00 57.86 -3.70 9.90 1 .002 ** 
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Formula in R: RT ~ SOA.order + Temp.Res + Freq.Res + Gap.Det + CWFR + PPVT + TOWF + 
TONI + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
 
 
Table M.1.2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model of reaction time responses across task and across group are reported with χ2-values 
and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Age 2.08 1 .15 
Auditory Processing 
AFG.8 0.87 1 .35 
Freq.Disc 0.32 1 .57 
Language  and Cognitive Status 
CELF.Core 3.11 1 .08 
Visual Attention 
VisInt 0.95 1 .33 
Experimental Design 
Experiment.Order(2) 4.62 1 .03 
    
SOA, Word Type, and Group 
Condition 1.15 4 .89 
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M.2. Picture-Word Interference Task – Individuals with Typical Language 
Development at 0ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit by 
maximum likelihood to reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development for 0ms stimulus onset asynchrony (χ2(9)= 
62.22, p<.001) can be seen below in Table M.2.1  The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table 
M.2.2  shows factors and interactions which did not significantly contribute to the fit of the 
model. 
 
Table M.2.1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development for 0ms stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the linear mixed-effect model of reaction time 
responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 28171.84 2195.54 12.83     
Auditory Processing 
Gap.Det -18093.61 1677.48 -10.79 35.81 1 <.001 *** 
AFG.8 -506.71 41.53 -12.20 38.69 1 <.001 *** 
CWFR -796.78 142.63 -5.59 20.00 1 <.001 *** 
Freq.Disc -30.46 2.87 -10.63 35.40 1 <.001 *** 
Temp.Res 18.57 3.68 5.05 17.43 1 <.001 *** 
Freq.Res 23.66 2.60 9.11 31.17 1 <.001 *** 
Language  and Cognitive Status 
PPVT 18.56 2.78 6.68 23.94 1 <.001 *** 
TONI -87.17 5.45 -15.99 46.20 1 <.001 *** 
Experimental Design 
SOA.order 72.31 13.86 5.22 18.80 1 <.001 *** 
Formula in R: RT ~ SOA.order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det +  AFG.8 + CWFR + 
PPVT + TONI + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table M.2.2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model of reaction time responses across task and across group are reported with χ2-values 
and the p-value for each factor. 
 
Factor χ2 value df p-value 
Language  and Cognitive Status 
CELF.Core 0.28 1 .60 
TOWF 1.95 1 .16 
Visual Attention 
VisInt 0.94 1 .33 
Experimental Design 
Experiment.Order(2) 0.42 1 .51 
SOA, Word Type, and Group 
Condition 6.76 4 .15 
  
LEXICAL ACCESS IN CHILDREN WITH SLI & DEFICITS IN AP                                     165 
APPENDIX N. Linear Mixed Models for Picture-Word Interference Task – Individuals 
with Specific Language Impairment  and Individuals with Typical Language Development 
at +150ms Stimulus Onset Asynchrony 
N.1. Individuals with Specific Language Impairment at +150ms Stimulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Word interference task for individuals with Specific Language 
Impairment for +150ms stimulus onset asynchrony (χ2(5)=17.93, p<.01) can be seen below in 
Table N.1.1. The random effects structure had to be simplified due to non-convergence during 
modeling resulting in the final model only having by-participant random intercepts, and by-item 
random intercepts and no random slopes.  Table N.2.2  shows factors and interactions which did 
not significantly contribute to the fit of the model. 
 
Table N.1.1: Final Model for reaction time responses for the Picture-Word interference 
task for individuals with Specific Language Impairment for 150ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the linear mixed-effect model of reaction 
time responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 2681.46 639.32 4.19     
Auditory Processing 
Gap.Det -818.12 177.88 -4.60 13.51 1 <.001 *** 
Freq.Res -36.29 8.48 -4.28 12.19 1 <.001 *** 
Language  and Cognitive Status 
PPVT -25.94 9.36 -2.77 6.27 1 .012 * 
TOWF 24.27 6.47 3.75 10.09 1 .001 ** 
Experimental Design 
SOA.order 123.35 52.13 2.37 4.82 1 .03 * 
Formula in R: RT ~ SOA.order + Freq.Res + Gap.Det + PPVT + TOWF + (1 | Subject) + (1 | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table N.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model of reaction time responses across task and across group are reported with χ2-
values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Age 0.03 1 .86 
Auditory Processing 
AFG.8 2.15 1 .14 
CWFR 0.47 1 .49 
Freq.Disc 0.45 1 .50 
Temp.Res 0.46 1 .50 
Language  and Cognitive Status 
CELF.Core 0.26 1 .61 
TONI 0.01 1 .93 
Visual Attention 
VisInt 1.72 1 .19 
Experimental Design 
Experiment.Order(2) 1.56 1 .21 
SOA, Word Type, and Group 
Condition 7.76 4 .10 
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N.2. Picture-Word Interference Task – Individuals with Typical Language 
Development at +150ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit 
by maximum likelihood to reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development for 150ms stimulus onset asynchrony (χ2(13)= 
67.41, p<.001) can be seen below in Table N.2.1. The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table N.2.2  
shows factors and interactions which did not significantly contribute to the fit of the model. 
 
Table N.2.1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development for 150ms stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the linear mixed-effect model of reaction time 
responses across task and across group are reported with χ2-values and the p-value for each 
factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 573400.00 40340.00 14.21     
Auditory Processing 
Gap.Det -419200.00 29650.00 -14.14 51.28 1 <.001 *** 
AFG.8 -7656.00 544.50 -14.06 51.06 1 <.001 *** 
CWFR -23770.00 1707.00 -13.92 50.96 1 <.001 *** 
Freq.Disc -696.10 49.29 -14.12 51.26 1 <.001 *** 
Temp.Res -241.70 18.43 -13.11 48.82 1 <.001 *** 
Freq.Res -335.00 25.47 -13.15 49.36 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -50.99 4.80 -10.63 43.40 1 <.001 *** 
PPVT 379.90 27.22 13.96 50.84 1 <.001 *** 
TOWF 27.38 2.32 11.80 46.98 1 <.001 *** 
TONI -1225.00 84.83 -14.44 51.81 1 <.001 *** 
Visual Attention 
VisInt -12.02 0.86 -14.02 50.95 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -5102.00 349.50 -14.60 51.94 1 <.001 *** 
SOA.order 3707.00 267.40 13.87 50.65 1 <.001 *** 
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Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det 
+ AFG.8 + CWFR + CELF.Core + PPVT + TOWF + TONI + VisInt + (1 | Subject) + (1 | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
Table N.2.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model of reaction time responses across task and across group are reported with χ2-
values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
Condition 3.92 4 .42 
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APPENDIX O. Linear Mixed Models for Picture-Word Interference Task – Individuals 
with Specific Language Impairment and Individuals with Typical Language Impairmnent 
at + 300ms Stimulus Onset Asynchrony 
O.1. Individuals with Specific Language Impairment at +300 ms Stimmulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Word interference task for individuals with Specific Language 
Impairment for 300ms stimulus onset asynchrony (χ2(10)= 32.39, p<.001) can be seen below in 
Table O.1.1. The random effects structure had to be simplified due to non-convergence during 
modeling resulting in the final model only having by-participant random intercepts, and by-item 
random intercepts and no random slopes.  Table O.1.2  shows factors and interactions which did 
not significantly contribute to the fit of the model.  
 
Table O.1.1: Final Model for reaction time responses for the Picture-Word interference 
task for individuals with Specific Language Impairment for 300ms stimulus onset asynchrony. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) -4965.97 1172.08 -4.24     
Age 155.04 34.34 4.52 13.06 1 <.001 *** 
Auditory Processing 
CWFR -615.07 118.26 -5.20 15.84 1 <.001 *** 
Freq.Disc -0.59 0.14 -4.21 11.92 1 <.001 *** 
Temp.Res -14.04 4.09 -3.43 8.75 1 .003 ** 
Freq.Res -21.35 6.00 -3.56 9.33 1 .002 ** 
Language  and Cognitive Status 
PPVT 11.53 3.27 3.53 9.15 1 .002 ** 
TONI 22.71 7.06 3.22 8.00 1 .005 ** 
Visual Attention 
VisInt 1.85 0.29 6.31 20.00 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -261.15 86.73 -3.01 7.18 1 .01 ** 
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SOA.order 183.80 45.36 4.05 11.32 1 <.001 *** 
Formula in R:  RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + CWFR + 
PPVT + TONI + VisInt + Age + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
Fixed effects which significantly improved the fit of the linear mixed-effect model of 
reaction time responses across task and across group are reported with χ2-values and the p-value 
for each factor. 
 
 
 
Table O.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model of reaction time responses across task and across group are reported with χ2-
values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Auditory Processing 
Gap.Det 1.20 1 .27 
AFG.8 0.02 1 .88 
Language  and Cognitive Status 
CELF.Core 1.02 1 .31 
TOWF 0.10 1 .75 
SOA, Word Type, and Group 
Condition 7.64 4 .11 
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O.2. Picture-Word Interference Task – Individuals with Typical Language Development at 
+ 300ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit by maximum 
likelihood to reaction time responses for the Picture-Word interference task for individuals with 
Typical Language Development for 300ms stimulus onset asynchrony (χ2(13)= 71.46, p<.001) 
can be seen below in Table O.2.1. The random effects structure had to be simplified due to non-
convergence during modeling resulting in the final model only having by-participant random 
intercepts, and by-item random intercepts and no random slopes.  Table O.2.2  shows factors and 
interactions which did not significantly contribute to the fit of the model. 
 
Table O.2.1: Final Model for reaction time responses for the Picture-Word interference task for 
individuals with Typical Language Development for 300ms stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the linear mixed-effect model of reaction time 
responses across task and across group are reported with χ2-values and the p-value for each 
factor 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value Value value 
(Intercept) 15660.00 2798.00 5.60     
Auditory Processing 
Gap.Det -10900.00 2152.00 -5.07 22.35 1 <.001 *** 
AFG.8 -543.70 49.91 -10.89 43.44 1 <.001 *** 
CWFR -511.40 213.00 -2.40 5.75 1 .02 * 
Freq.Disc -16.81 3.76 -4.47 18.84 1 <.001 *** 
Temp.Res -59.97 5.57 -10.78 43.23 1 <.001 *** 
Freq.Res 32.10 3.53 9.10 38.80 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -6.19 2.43 -2.55 6.50 1 .01 * 
PPVT 41.88 3.33 12.57 47.43 1 <.001 *** 
TOWF 9.09 1.51 6.02 27.20 1 <.001 *** 
TONI -70.25 6.86 -10.24 41.96 1 <.001 *** 
Visual Attention 
VisInt 1.49 0.11 13.27 48.88 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -581.70 54.74 -10.63 42.99 1 <.001 *** 
SOA.order -286.00 19.39 -14.75 52.23 1 <.001 *** 
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Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det 
+ AFG.8 + CWFR + CELF.Core + PPVT + TOWF + TONI + VisInt + (1 | Subject) + (1 | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
 
 
Table O.2.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model of reaction time responses across task and across group are reported with χ2-
values and the p-value for each factor. 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
Condition 6.38 4 .17 
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APPENDIX P. Linear Mixed Models for Picture-Picture Interference Task – Across 
Individuals with Typical Language Development and Specific Language Impairment 
across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses 
for the Picture-Picture interference task across group and across stimulus onset asynchrony 
(χ2(18)=290.88, p<.001) can be seen in Table  P.1. The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and random slopes by condition.  
Table P.2  shows factors and interactions which did not significantly contribute to the fit of the 
model. 
Table P.1: Final model for reaction time responses for the Picture-Picture interference task 
across groups, across all stimulus onset asynchrony. Fixed effects which significantly improved 
the fit of the model are reported with χ2-values and the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
d
f 
p 
 
Error value value value 
(Intercept) 3276.44 
374.4
9 8.75     
Age 
-
69.40 25.05 
-
2.77 6.84 1 .01 ** 
Auditory Processing 
Freq.Res 
-
20.00 4.31 
-
4.64 
16.2
1 1 
<.00
1 
**
* 
Language  and Cognitive Status 
CELF.Core -11.00 2.81 
-
3.92 
12.4
1 1 
<.00
1 
**
* 
Experimental Design 
SOA.order 6.13 8.41 0.73 -- -- -- -- 
SOA:SOA order 
   
51.4
6 3 
<.00
1 
**
* 
 SOA.order:SOA(-150) 65.10 12.69 5.13     
 
SOA.order:SOA(150) -3.35 12.70 
-
0.26     
 SOA.order:SOA(300) 72.47 13.76 5.27     
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SOA, Word Type, and Group 
SOA 
   
68.4
7 3 
<.00
1 
**
* 
 
SOA(-150) 
-
226.2
9 37.12 
-
6.10     
 
SOA(150) -7.53 35.42 
-
0.21     
 
SOA(300) 
-
236.2
4 38.47 
-
6.14     
Condition 
   
23.4
8 4 
<.00
1 
**
* 
 condition(associate) 49.18 12.84 3.83     
 
condition(categorical) -0.43 13.05 
-
0.03     
 
condition(onset) -8.09 13.00 
-
0.62     
 condition(rhyme) 17.34 13.05 1.33     
Group(SLI) -68.44 95.88 
-
0.71 -- -- -- -- 
SOA:group 
   
10.8
1 3 .01 * 
 
SOA(-150):Group(SLI) -67.74 24.12 
-
2.81     
 
SOA(150):Group(SLI) -51.62 23.81 
-
2.17     
 
SOA(300):Group(SLI) -67.66 23.69 
-
2.86     
Formula in R: RT ~ SOA.order + SOA.order:SOA + Experiment.Order + Exp + SOA + condition + 
Group + SOA:condition:Group + SOA:condition + condition:Group + SOA:Group + BM + TONI + 
VisInt + (condition | Subject) + (condition | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
 
Table P.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task 
across groups, across all stimulus onset asynchrony are reported with χ2-values and the p-
value for each factor. 
 
Factor χ2 value df p-value 
Auditory Processing 
Gap.Det 0.31 1 .58 
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AFG.8 3.47 1 .06 
CWFR 0.16 1 .69 
Freq.Disc 0.37 1 .55 
Temp.Res 0.22 1 .64 
Language  and Cognitive Status 
PPVT 0.91 1 .34 
TOWF 0.14 1 .70 
TONI 1.00 1 .32 
Visual Attention 
VisInt 1.08 1 .30 
Experimental Design 
Experiment.Order(2) 1.93 1 .16 
SOA, Word Type, and Group 
SOA:condition 15.54 12 .21 
condition:group 5.09 4 .28 
SOA:condition:group 35.46 28 .16 
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APPENDIX Q. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Specific Language Impairment Across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses 
for the Picture-Picture interference task for individuals with Specific Language Impairment 
across all stimulus onset asynchrony (χ2(30)=171.71, p<.001) can be seen in Table Q.1. The 
random effects structure had to be simplified due to non-convergence during modeling resulting 
in the final model only having by-participant random intercepts, and by-item random intercepts 
and random slopes by condition.  Table Q.2  shows factors and interactions which did not 
significantly contribute to the fit of the model. 
 
Table Q.1: Final model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment across all stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the model are reported with χ2-values and the p-
value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 6618.08 771.96 8.57     
Age -113.27 30.47 -3.72 6.97 1 .01 ** 
Auditory Processing 
Gap.Det -409.05 123.52 -3.31 6.85 1 .01 ** 
CWFR 233.74 92.47 2.53 2.36 1 .12  
Freq.Res -11.47 5.63 -2.04 8.61 1 .003 ** 
Language  and Cognitive Status 
PPVT -30.68 6.23 -4.93 14.74 1 <.001 *** 
TOWF 15.88 4.26 3.73 8.87 1 .003 ** 
TONI -23.27 4.63 -5.03 5.37 1 .02 * 
Experimental Design 
SOA.order 3.89 12.47 0.31 -- -- --  
SOA:SOA order   
 21.63 3 <.001 *** 
 SOA.order:SOA(-150) 57.95 18.87 3.07     
 SOA.order:SOA(150) -3.29 19.01 -0.17     
 SOA.order:SOA(300) 74.11 20.42 3.63     
SOA, Word Type, and Group 
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SOA    33.09 3 <.001 *** 
 SOA(-150) -244.72 61.27 -3.99     
 SOA(150) -21.27 57.35 -0.37     
 SOA(300) -283.04 61.18 -4.63     
Condition   
 -- -- --  
 condition(associate) 106.78 40.29 2.65     
 condition(categorical) 1.88 51.63 0.04     
 condition(onset) 16.24 46.42 0.35     
 condition(rhyme) 19.71 43.13 0.46     
SOA:condition   
 17.65 12 .13  
 SOA(-150):condition(associate) -89.78 54.00 -1.66     
 SOA(150):condition(associate) -25.06 53.32 -0.47     
 SOA(300):condition(associate) -116.39 53.26 -2.19     
 SOA(-150):condition(categorical) 10.70 55.09 0.19     
 SOA(150):condition(categorical) -41.44 54.23 -0.76     
 SOA(300):condition(categorical) 46.51 53.92 0.86     
 SOA(-150):condition(onset) -34.82 55.29 -0.63     
 SOA(150):condition(onset) -59.77 53.90 -1.11     
 SOA(300):condition(onset) -51.00 53.46 -0.95     
 SOA(-150):condition(rhyme) -34.92 55.16 -0.63     
 SOA(150):condition(rhyme) -69.53 54.37 -1.28     
 SOA(300):condition(rhyme) -0.86 53.78 -0.02     
Formula in R: RT ~ SOA.order + SOA.order:SOA + SOA + condition + SOA:condition + Freq.Res 
+ Gap.Det + CWFR + PPVT + TOWF + TONI + Age + (condition | Subject) + (condition | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table Q.2: Fixed effects which did not significantly improved the fit of the linear mixed-effect 
model for reaction time responses for the Picture-Picture interference task for individuals with 
Specific Language Impairment across all stimulus onset asynchrony are reported with χ2-values 
and the p-value for each factor. 
 
Factor χ2 value df p-value 
Auditory Processing 
AFG.8 0.34 1 .56 
Freq.Disc 0.52 1 .47 
Temp.Res 0.02 1 .88 
Language  and Cognitive Status 
CELF.Core 0.40 1 .53 
Visual Attention 
VisInt 0.34 1 .56 
Experimental Design 
Experiment.Order(2) 0.22 1 .64 
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APPENDIX R. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Typical Language Development Across all Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses 
for the Picture-Picture interference task for individuals with Typical Language Development 
across all stimulus onset asynchrony (χ2(24)=222.19, p<.001) can be seen in Table R.1. The 
random effects structure had to be simplified due to non-convergence during modeling resulting 
in the final model only having by-participant random intercepts, and by-item random intercepts 
and no random slopes.  Table R.2  shows factors and interactions which did not significantly 
contribute to the fit of the model. 
Table R.1: Final model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development across all stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the model are reported with χ2-values and the p-
value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 28750.00 5030.00 5.72     
Age -439.30 71.41 -6.15 28.62 1 <.001 *** 
Auditory Processing 
Gap.Det -23400.00 4515.00 -5.18 23.58 1 <.001 *** 
AFG.8 -1003.00 148.60 -6.75 30.93 1 <.001 *** 
CWFR -4605.00 932.30 -4.94 22.25 1 <.001 *** 
Freq.Disc -46.20 8.93 -5.18 23.57 1 <.001 *** 
Temp.Res 54.48 10.79 5.05 23.18 1 <.001 *** 
Freq.Res -101.70 17.51 -5.81 27.12 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -49.60 7.15 -6.93 31.99 1 <.001 *** 
PPVT 30.96 4.52 6.85 30.74 1 <.001 *** 
TOWF 22.41 4.94 4.54 19.79 1 <.001 *** 
TONI 57.59 13.22 4.36 18.71 1 <.001 *** 
Visual Attention 
VisInt 1.10 0.16 6.85 30.87 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -1369.00 281.40 -4.87 21.90 1 <.001 *** 
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SOA.order 5.30 10.99 0.48 -- -- --  
SOA:SOA order   
 35.50 3 <.001 *** 
 SOA.order:SOA(-150) 78.62 16.60 4.74     
 SOA.order:SOA(150) 0.68 16.42 0.04     
 SOA.order:SOA(300) 74.38 18.01 4.13     
SOA, Word Type, and Group 
SOA    50.96 3 <.001 *** 
 SOA(-150) -262.00 45.78 -5.72     
 SOA(150) -17.07 43.05 -0.40     
 SOA(300) -240.60 47.71 -5.04     
Condition   
 16.21 4 .003 ** 
 condition(associate) 50.75 16.79 3.02     
 condition(categorical) -5.03 17.05 -0.30     
 condition(onset) 8.73 17.05 0.51     
 condition(rhyme) 39.22 17.09 2.29     
Formula in R: RT ~ SOA.order + SOA.order:SOA + Experiment.Order + SOA + condition + 
Freq.Disc + Temp.Res + Freq.Res + Gap.Det + AFG.8 + CWFR + CELF.Core + PPVT + TOWF + 
TONI + VisInt + Age + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
     Table R.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development across all stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
SOA:condition 12.63 12 .40 
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APPENDIX S. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Specific Language Impairment  and Individuals with Typical Language Development 
at -150ms Stimulus Onset Asynchrony 
S.1. Individuals with Specific Language Impairment at -150ms Stimulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Picture interference task for individuals with Specific Language 
Impairment for -150ms stimulus onset asynchrony (χ2(14)=65.34, p<.001) can be seen in Table  
S.1.1. The random effects structure had to be simplified due to non-convergence during 
modeling resulting in the final model only having by-participant random intercepts, and by-item 
random intercepts and no random slopes.  Table S.1.2  shows factors and interactions which did 
not significantly contribute to the fit of the model. 
Table S.1.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Specific Language Impairment for -150ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the model are reported with χ2-values and 
the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 222700.00 16020.00 13.90     
Age -4148.00 296.50 -13.99 52.82 1 <.001 *** 
Auditory Processing 
Gap.Det -5343.00 376.40 -14.20 53.16 1 <.001 *** 
AFG.8 -7705.00 568.60 -13.55 51.90 1 <.001 *** 
CWFR 28960.00 2140.00 13.54 51.88 1 <.001 *** 
Freq.Disc -6.04 0.44 -13.84 52.55 1 <.001 *** 
Temp.Res 726.70 53.27 13.64 52.16 1 <.001 *** 
Freq.Res 63.96 8.11 7.88 35.31 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core 89.08 7.45 11.95 47.81 1 <.001 *** 
PPVT -1148.00 81.58 -14.07 53.01 1 <.001 *** 
TOWF 913.40 65.64 13.92 52.72 1 <.001 *** 
TONI -727.10 53.79 -13.52 51.74 1 <.001 *** 
Visual Attention 
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VisInt -97.27 7.15 -13.60 52.04 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -10570.00 774.10 -13.66 52.14 1 <.001 *** 
SOA.order 2703.00 190.70 14.18 53.34 1 <.001 *** 
Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det 
+ AFG.8 + CWFR + CELF.Core + PPVT + TOWF + TONI + VisInt + Age + (1 | Subject) + (1 | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
Table S.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment for -150ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
Condition 1.11 4 .89 
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S.2. Picture-Picture Interference Task – Individuals with Typical Language 
Development at -150ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit 
by maximum likelihood to reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for -150ms stimulus onset asynchrony 
(χ2(12)=68.57, p<.001) can be seen in table Table S.2.1. The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table S.2.2  
shows factors and interactions which did not significantly contribute to the fit of the model. 
Table S.2.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Typical Language Development for -150ms stimulus onset asynchrony.  
Fixed effects which significantly improved the fit of model are reported with χ2-values and the p-
value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 208700.00 28140.00 7.42     
Auditory Processing 
Gap.Det -146500.00 19940.00 -7.35 32.48 1 <.001 *** 
AFG.8 -2857.00 366.40 -7.80 34.11 1 <.001 *** 
CWFR -7416.00 1088.00 -6.82 30.38 1 <.001 *** 
Freq.Disc -241.40 32.97 -7.32 32.37 1 <.001 *** 
Temp.Res -113.20 14.43 -7.84 34.49 1 <.001 *** 
Freq.Res -127.50 16.53 -7.72 33.82 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -25.98 3.29 -7.91 33.98 1 <.001 *** 
PPVT 149.10 18.94 7.87 34.37 1 <.001 *** 
TONI -448.80 58.75 -7.64 33.57 1 <.001 *** 
Visual Attention 
VisInt -3.91 0.62 -6.33 28.38 1 <.001 *** 
Experimental Design 
Experiment.Order(2) -561.10 118.50 -4.73 20.28 1 <.001 *** 
SOA.order -1300.00 189.20 -6.87 30.63 1 <.001 *** 
Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det 
+ AFG.8 + CWFR + CELF.Core + PPVT + TONI + VisInt + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table S.2.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for -150ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Age 0.00 1 .99 
Language  and Cognitive Status 
TOWF 0.00 1 .99 
SOA, Word Type, and Group 
Condition 2.34 4 .67 
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APPENDIX T. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Specific Language Impairment and Individuals with Typical Language Development 
at 0ms Stimulus Onset Asynchrony 
T.1. Individuals with Specific Language Impairment. The best fitting linear mixed 
model fit by maximum likelihood to reaction time responses for the Picture-Picture interference 
task for individuals with Specific Language Impairment for 0ms stimulus onset asynchrony 
(χ2(3)=12.31, p<.01) can be seen in Table T.1.1 . The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table T.1.2  
shows factors and interactions which did not significantly contribute to the fit of the model.  
Table T.1.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Specific Language Impairment for 0ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the model are reported with χ2-values and 
the p-value for each factor. 
 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 3492.71 681.22 5.13     
Age -95.80 42.74 -2.24 4.38 1 0.04 * 
Auditory Processing 
Freq.Res -15.15 6.59 -2.30 4.56 1 0.03 * 
Language  and Cognitive Status 
PPVT -10.22 4.10 -2.49 5.26 1 0.02 * 
Formula in R: RT ~ Freq.Res + PPVT + Age + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
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Table T.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment for 0ms stimulus onset asynchrony are reported 
with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Auditory Processing 
Gap.Det 0.57 1 .45 
AFG.8 0.17 1 .68 
CWFR 0.06 1 .81 
Freq.Disc 2.40 1 .12 
Temp.Res 0.29 1 .59 
Language  and Cognitive Status 
CELF.Core 1.63 1 .20 
TOWF 0.54 1 .46 
TONI 0.62 1 .43 
Visual Attention 
VisInt 0.03 1 .87 
Experimental Design 
Experiment.Order(2) 1.62 1 .20 
SOA.order 0.04 1 .84 
SOA, Word Type, and Group 
Condition 9.31 4 .05 
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T.2. Picture-Picture Interference Task – Individuals with Typical Language 
Development at 0ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit by 
maximum likelihood to reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 0ms stimulus onset asynchrony 
(χ2(11)=64.65, p<.001) can be seen in Table T.2.1. The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table T.2.2  
shows factors and interactions which did not significantly contribute to the fit of the model.  
 
Table T.2.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Typical Language Development for 0ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the model are reported with χ2-values and 
the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) -2796.66 1873.81 -1.49     
Auditory Processing 
Gap.Det 5175.68 1376.54 3.76 13.55 1 <.001 *** 
CWFR 1423.89 153.58 9.27 35.80 1 <.001 *** 
Freq.Disc 10.79 2.44 4.42 17.17 1 <.001 *** 
Temp.Res -16.96 4.45 -3.81 13.81 1 <.001 *** 
Freq.Res 12.86 2.99 4.30 16.47 1 <.001 *** 
Language  and Cognitive Status 
PPVT 4.82 2.37 2.04 4.15 1 .04 * 
TOWF -10.59 1.18 -9.00 34.96 1 <.001 *** 
TONI -26.43 3.73 -7.09 28.59 1 <.001 *** 
Visual Attention 
VisInt 0.31 0.11 2.94 8.61 1 .003 ** 
Experimental Design 
Experiment.Order(2) 395.93 34.84 11.36 41.01 1 <.001 *** 
SOA.order 59.04 17.55 3.36 11.20 1 <.001 *** 
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Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det + 
CWFR + PPVT + TOWF + TONI + VisInt + (1 | Subject) + (1 | Picture.Stimulus) 
 
 
 
Table T.2.2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 0ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Age 0.82 1 .37 
Auditory Processing 
AFG.8 0.13 1 .72 
Language  and Cognitive Status 
CELF.Core 2.66 1 .10 
SOA, Word Type, and Group 
Condition 8.75 4 .07 
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APPENDIX U. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Specific Language Impairment and Individuals with Typical Language Development 
at +150ms Stimulus Onset Asynchrony 
U.1. Individuals with Specific Language Impairment at +150ms Stimulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Picture interference task for individuals with Specific Language 
Impairment for 150ms stimulus onset asynchrony (χ2(9)=42.35, p<.01) can be seen in Table 
U.1.1. The random effects structure had to be simplified due to non-convergence during 
modeling resulting in the final model only having by-participant random intercepts, and by-item 
random intercepts and no random slopes.  Table V.1.2  shows factors and interactions which did 
not significantly contribute to the fit of the model. 
 
Table U.1.1: Final model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment for 150ms stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the model are reported with χ2-values and the p-
value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 4885.44 541.34 9.03     
Auditory Processing 
Gap.Det -498.60 144.47 -3.45 8.94 1 .003 ** 
Freq.Res -45.64 6.70 -6.81 21.85 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -20.41 4.91 -4.16 11.78 1 <.001 *** 
PPVT -30.74 7.43 -4.14 11.70 1 <.001 *** 
TOWF 25.39 5.25 4.84 14.54 1 <.001 *** 
SOA, Word Type, and Group 
Condition    15.93 4 .003 ** 
 condition(associate) 95.97 38.13 2.52     
 condition(categorical) -32.26 38.73 -0.83     
 condition(onset) -40.64 38.06 -1.07     
 condition(rhyme) -34.36 38.61 -0.89     
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Formula in R: RT ~ condition + Freq.Res + Gap.Det + CELF.Core + PPVT + TOWF + (1 | Subject) 
+ (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
      
 
Table U.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment for 150ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
Factor χ2 value df p-value 
Age 1.05 1 .31 
Auditory Processing 
AFG.8 0.31 1 .58 
CWFR 0.61 1 .44 
Freq.Disc 0.54 1 .46 
Temp.Res 0.07 1 .80 
Language  and Cognitive Status 
TONI 0.40 1 .53 
Visual Attention 
VisInt 0.98 1 .32 
Experimental Design 
Experiment.Order(2) 0.67 1 .41 
SOA.order 0.00 1 .99 
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U.2. Picture-Picture Interference Task – Individuals with Typical Language 
Development at +150ms Stimulus Onset Asynchrony. The best fitting linear mixed model fit 
by maximum likelihood to reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 150ms stimulus onset asynchrony 
(χ2(15)=76.39, p<.001) can be seen in Table U.2.1. The random effects structure had to be 
simplified due to non-convergence during modeling resulting in the final model only having by-
participant random intercepts, and by-item random intercepts and no random slopes.  Table U.2.2  
shows factors and interactions which did not significantly contribute to the fit of the model. 
 
Table U.2.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Typical Language Development for 150ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the model are reported with χ2-values and 
the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 21210.00 2120.00 10.01     
Auditory Processing 
Gap.Det -12220.00 1388.00 -8.81 36.60 1 <.001 *** 
AFG.8 -370.10 37.05 -9.99 39.93 1 <.001 *** 
Freq.Disc -19.60 2.18 -8.99 37.19 1 <.001 *** 
Freq.Res -14.28 3.12 -4.57 18.92 1 <.001 *** 
Language  and Cognitive Status 
CELF.Core -14.63 2.35 -6.23 26.59 1 <.001 *** 
PPVT 8.08 2.05 3.93 14.99 1 <.001 *** 
TOWF -3.87 1.45 -2.68 7.14 1 .01 ** 
TONI -53.38 6.11 -8.73 36.29 1 <.001 *** 
Visual Attention 
VisInt -0.45 0.13 -3.45 11.83 1 <.001 *** 
Experimental Design 
Experiment.Order(2) 416.00 51.96 8.01 33.60 1 <.001 *** 
SOA.order 130.10 25.40 5.12 21.78 1 <.001 *** 
SOA, Word Type, and Group 
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Condition    10.95 4 .03 * 
 condition(associate) 103.20 34.41 3.00     
 condition(categorical) 20.11 34.78 0.58     
 condition(onset) 24.88 34.34 0.73     
 condition(rhyme) 64.34 34.57 1.86     
Formula in R: RT ~ SOA.order + Experiment.Order + condition + Freq.Disc + Freq.Res + Gap.Det + 
AFG.8 + CELF.Core + PPVT + TOWF + TONI + VisInt + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
Table U.2.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 150ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
 
Factor 
χ2 value df p-value 
Age 1.10 1 .29 
Auditory Processing 
CWFR 1.07 1 .30 
Temp.Res 1.11 1 .29 
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APPENDIX V. Linear Mixed Models for Picture-Picture Interference Task – Individuals 
with Specific Language Impairment and Individuals with Typical Language Development 
at +300ms Stimulus Onset Asynchrony 
V.1. Individuals with Specific Language Impairment ata +300ms Stimulus Onset 
Asynchrony. The best fitting linear mixed model fit by maximum likelihood to reaction time 
responses for the Picture-Picture interference task for individuals with Specific Language 
Impairment for 300ms stimulus onset asynchrony (χ2(14)=65.03, p<.001) can be seen in Table 
V.1.1. The random effects structure had to be simplified due to non-convergence during 
modeling resulting in the final model only having by-participant random intercepts, and by-item 
random intercepts and no random slopes.  Table V.1.2  shows factors and interactions which did 
not significantly contribute to the fit of the model.  
 
Table V.1.1: Final model for reaction time responses for the Picture-Picture interference 
task for individuals with Specific Language Impairment for 300ms stimulus onset asynchrony. 
Fixed effects which significantly improved the fit of the model are reported with χ2-values and 
the p-value for each factor. 
 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) -4880.57 1889.48 -2.58     
Age -99.40 20.67 -4.81 17.36 1 <.001 *** 
Auditory Processing 
Gap.Det 909.52 161.80 5.62 21.13 1 <.001 *** 
AFG.8 -499.08 62.49 -7.99 30.63 1 <.001 *** 
CWFR -350.06 117.25 -2.99 8.59 1 .003 ** 
Freq.Disc 0.25 0.08 3.16 9.47 1 .002 ** 
Temp.Res -18.13 3.27 -5.55 20.65 1 <.001 *** 
Freq.Res 20.59 6.08 3.39 10.59 1 .001 ** 
Language  and Cognitive Status 
CELF.Core 24.09 3.89 6.20 23.25 1 <.001 *** 
PPVT 23.31 9.20 2.53 6.39 1 .01 * 
TOWF -24.46 6.67 -3.67 11.98 1 <.001 *** 
TONI 20.88 7.99 2.61 6.78 1 .01 ** 
Visual Attention 
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VisInt 0.68 0.34 1.99 3.95 1 .05 * 
Experimental Design 
Experiment.Order(2) 463.08 89.01 5.20 19.22 1 <.001 *** 
SOA.order 557.18 62.83 8.87 33.06 1 <.001 *** 
Formula in R: RT ~ SOA.order + Experiment.Order + Freq.Disc + Temp.Res + Freq.Res + Gap.Det 
+ AFG.8 + CWFR + CELF.Core + PPVT + TOWF + TONI + VisInt + Age + (1 | Subject) + (1 | 
Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001 
 
 
 
 
Table V.1.2: Fixed effects which did not significantly improved the fit of the linear 
mixed-effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Specific Language Impairment for 300ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
SOA, Word Type, and Group 
Condition 4.12 4 .39 
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V.2. Individuals with Typical Language Development at +300 Stimulus Onset Asynchrony 
The best fitting linear mixed model fit by maximum likelihood to reaction time responses for the 
Picture-Picture interference task for individuals with Specific Language Impairment for 300ms 
stimulus onset asynchrony (χ2(11)=67.14, p<.001) can be seen in Table V.2.1. The random 
effects structure had to be simplified due to non-convergence during modeling resulting in the 
final model only having by-participant random intercepts, and by-item random intercepts and no 
random slopes.  Table V.2.2  shows factors and interactions which did not significantly 
contribute to the fit of the model.  
 
Table V.2.1: Final model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 300ms stimulus onset asynchrony. Fixed 
effects which significantly improved the fit of the model are reported with χ2-values and the p-
value for each factor. 
Factor Estimate 
Std. t χ2 
df 
p  
Error value value value 
(Intercept) 4947.59 374.75 13.20     
Auditory Processing 
Gap.Det -1166.72 117.10 -9.96 40.20 1 <.001 *** 
AFG.8 -361.96 37.82 -9.57 38.88 1 <.001 *** 
CWFR 748.41 88.56 8.45 35.96 1 <.001 *** 
Temp.Res -35.57 5.36 -6.64 29.19 1 <.001 *** 
Freq.Res 24.41 3.35 7.28 31.66 1 <.001 *** 
Language  and Cognitive Status 
PPVT 25.75 3.29 7.83 33.38 1 <.001 *** 
TOWF -7.50 1.28 -5.87 25.91 1 <.001 *** 
TONI -53.28 3.46 -15.39 52.09 1 <.001 *** 
Visual Attention 
VisInt 0.40 0.13 3.19 10.09 1 .001 ** 
Experimental Design 
Experiment.Order(2) 574.73 44.10 13.03 47.34 1 <.001 *** 
SOA.order -50.02 21.08 -2.37 5.62 1 .02 * 
Formula in R: RT ~ SOA.order + Experiment.Order + Temp.Res + Freq.Res + Gap.Det + AFG.8 + 
CWFR + PPVT + TOWF + TONI + VisInt + (1 | Subject) + (1 | Picture.Stimulus) 
† p<.1     *p<.05     ** p<.01     ***p<.001      
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Table V.2.2: Fixed effects which did not significantly improved the fit of the linear mixed-
effect model for reaction time responses for the Picture-Picture interference task for 
individuals with Typical Language Development for 300ms stimulus onset asynchrony are 
reported with χ2-values and the p-value for each factor. 
 
 
Factor χ2 value df p-value 
Age 0.04 1 .83 
Auditory Processing 
Freq.Disc 0.0002 1 .99 
Language  and Cognitive Status 
CELF.Core 0.06 1 .80 
SOA, Word Type, and Group 
Condition 7.84 4 .10 
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APPENDIX W. Targets and Primes 
Targets and Primes 
 
PWI       
Target 
Onset 
Prime 
Rhyme 
Prime 
Associate 
Prime 
Categorical 
Prime Unrelated Prime 
balloon butter raccoon party kite eye  
barn  barn yarn rooster house chair  
bike book like wheel train  horse  
carrot kite parrot rabbit lettuce habit  
finger fork singer paint toe  ants  
glasses glove classes eye ring dinner  
hand house  sand glove foot  spider  
hat hand  cat sun pants stable  
house horse mouse dog barn  wheel  
kite cup light tail ball window  
knife necklace life butter fork sea  
mouse moon  house cheese dog  life  
pants pool ants leg sweater  light  
rabbit rope habit ear cat sand  
ring rooster swing finger necklace floor  
sock sun clock foot hat classes  
spoon spider moon soup cup parrot  
stool string pool book chair like  
swing sweater ring rope kite singer  
table toe label dinner desk  yarn  
tree truck key cat flower party  
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PPI 
Target 
Onset 
Prime 
Rhyme 
Prime 
Associate 
Prime 
Categorical 
Prime Unrelated Prime 
barn  ball yarn rooster house ants  
car carrot star wheel bike bat  
carrot kite parrot rabbit lettuce leg  
cat coat hat yarn rabbit boat  
coat key boat button hat book  
door desk floor house window lettuce  
eye ice fly glasses ear button  
hat hand  bat sun pants car  
house horse mouse dog barn  spider  
kite cup light tail ball cheese  
mouse moon  house cheese dog  truck  
pants pool ants leg sweater  star  
ring rooster swing finger necklace leg  
sock sun clock foot hat eye  
spoon spider moon soup cup ice  
stool string pool book chair flower  
swing sweater ring rope kite fly  
tree truck key cat flower foot  
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APPENDIX X. Parent/Guardian Questionnaire 
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